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Office  of  the  Director 

The  mission  of  the  National  Heart  and  Lung  Institute  is  l)  to  conduct  and 
support  reasearch  on  the  heart,  blood  vessels,  blood  and  lungs  and  on  the 
diseases  that  affect  them;  2)  to  develop  and  evaluate  new  or  improved  tech- 
niques for  the  prevention,  diagnosis  and  treatment  of  these  diseases  and  to 
encourage  the  application  of  proven  techniques  by  the  medical  community;  and 
3)  to  provide  support  for  the  training  of  research  workers,  clinical  scientists, 
and  teachers  in  the  cardiovascular  and  pulmonary-disease  fields.   To  carry  out 
this  mission,  NHLI  has  five  divisions,  four  of  which  are  responsible  for  sub- 
stantive programming  in  assigned  research  areas.   Some  of  the  Institute's 
activities  in  key  program  areas  during  fiscal  year  197^  are  briefly  highlighted 
be  1 ow . 

Heart  and  Vascular  Diseases 

During  FY  197^*  the  Institute  continued  its  support  for  several  large-scale 
clinical  trials  concerned  with  reducing  morbidity  and  mortality  from  coronary 
heart  disease  and  other  cardiovascular  disorders  through  interventions  directed 
against  major  risk  factors,  such  as  elevated  blood  lipids,  high  blood  pressure, 
and  cigarette  smoking.   The  Institute's  12  Lipid  Research  Clinics  have  begun 
recruiting  some  3,600  men  with  hyperlipoproteinemia  to  determine  whether  and 
to  what  extent  the  incidence  of  heart  attacks  and  heart-attack  deaths  can  be 
reduced  by  measures  to  correct  or  ameliorate  blood-lipid  abnormalities.   High 
blood  pressure  is  the  target  of  the  Hypertension  Detection  and  Fol lowup  Program, 
whose  ]k   participating  centers  have  screened  more  than  160,000  people  and 
enrolled  more  than  11,000  hypertensive  males  into  this  5-year  study.   Screening 
and  recruitment  are  also  underway  at  the  20  clinical  centers  participating  in 
the  Multiple  Risk  Factor  Intervention  Trial,  which  will  be  carried  out  among 
some  12,000  men  at  high  risk  from  coronary  heart  disease  because  of  various 
combinations  of  elevated  blood  lipids,  high  blood  pressure,  and  cigarette 
smoking. 

Scheduled  for  completion  this  year  is  the  Coronary  Drug  Project,  which  has 
been  evaluating  five  1 ipid-lower ing  drug  regimens  among  8,000  men  who  had 
previously  sustained  one  or  more  heart  attacks.   Three  regimens — high  estrogen, 
low  estrogen,  and  d-thyroxine--have  already  proved  to  be  of  no  value  in 
reducing  the  frequency  or  intensity  of  recurrent  heart  attacks  and  have  been 
dropped.   The  testing  continues  with  clofibrate  and  nicotinic  acid. 

During  FY  197't,  several  promising  techniques  were  developed  for  accurately 
measuring  the  extent  of  heart-muscle  damage  resulting  from  a  heart  attack. 
These  techniques  may  be  of  immense  value  in  assessing  the  value  of  therapeutic 
measures  to  limit  infarct  size  and  to  salvage  ischemic  myocardium.   Substantial 
progress  has  also  been  made  in  the  development  of  non-invasive  techniques  for 
detecting  the  presence  and  extent  of  blood-vessel  disease  during  its  early 
stages  and  with  minimal  risk  or  discomfort  to  the  patient.   Development  of  a 
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highly  sensitive  assay  for  plasma  renin  promises  to  provide  new  insights  into 
the  development  of  hypertension  and  may  also  provide  valuabT^.  clues  to  improved 
methods  of  blood-pressure  control. 

Lung  Diseases 

A  major  thrust  of  the  Institute's  lung-disease  programs  has  been  clarification 
of  fundamental  relationships  between  lung  structure  and  function,  employing 
such  disciplines  as  molecular  biology,  biochemistry,  immunology,  and  ultra- 
structural  anatomy.   Recent  developments  in  cell-culture  techniques  promise 
to  make  possible  detailed  in  vitro  studies  of  many  of  the  nearly  kO   different 
types  of  cells  found  in  the  lung,  including  their  specific  functions  and  their 
responses  to  various  insults,  such  as  infectious  organisms,  antigens,  pollutants, 
and  other  factors  that  may  operate  in  the  development  of  lung  diseases.   Other 
important  studies  are  concerned  with  collagen  and  elastin,  constituents  of 
lung  connective  tissue  affected  by  a  number  of  pulmonary  diseases. 

During  FY  IS?'*,  research  c;ontracts  were  awarded  for  the  development  of  a 
sensitive,  reliable  in  vitro  test  for  sarcoidosis  (a  lung  disease  some  10-17 
times  more  common  among  blacks  than  among  whites)  and  for  clinical  trials  of 
extracorporeal  membrane  oxygenators.  These  artificial  lungs  have  great  life- 
saving  potential  among  victims  of  acute  respiratory  failure  or  insufficiency, 
including  infants  with  hyaline  membrane  disease,  young  people  acutely  ill  with 
serious  respiratory  infections  or  other  pulmonary  disorders,  or  older  people 
in  extremis  from  complications  of  chronic  lung  disease. 

The  Institute  also  sponsored  a  number  of  workshops  in  pulmonary-disease  subject 
areas,  the  proceedings  of  which  were  often  published  and  distributed  to  th.e 
scientific  community.  Topics  included  epidemiology  of  respiratory  diseases; 
screening  and  early  diagnosis;  radiographic  techniques  of  early  detection; 
and  animal  models  of  chronic  obstructive  lung  diseases. 

Other  activities  included  a  program  of  relatively  modest  grants  for  young 
investigators  in  the  pulmonary-disease  field;  support  of  pulmonary-disease 
projects  under  the  Minority  Schools  Program  administered  by  the  NIH  Division 
of  Research  Resources;  and  a  fellowship  program  for  specialized  training  in 
the  respiratory-disease  field. 

Blood  Diseases  and  Blood  Resources 

During  FY  ig?'*  the  Institute  continued  to  work  closely  with  agencies  of  DHEW 
and  with  other  public  and  private  agencies  to  develop  a  new  national  blood 
banking  policy  that  will  provide  more  efficient  and  safer  means  of  utilizing 
available  blood  resources.  A  major  consideration  has  been  increasing  the 
clinical  safety  of  blood  and  blood-component  therapy  through  development  of 
more  reliable  and  more  sensitive  means  of  detecting  hepatitis  end  other 
potentially  dangerous  contaminants.  Another  has  been  the  development  of 
improved  fractionation  procedures  for  extracting  certain  clotting  factors 
from  whole  blood  or  plasma,  notably  antihemophilic  factor  for  the  prevention 
or  treatment  of  bleeding  episodes  in  hemophiliacs. 
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Clotting  complications  of  heart  and  blood  vessel  disorders  are  very  often 
responsible  for  their  disabling  or  lethal  manifestations.   Recent  clinical 
trials  indicate  that  certain  clot-dissolving  drugs  (collectively  called 
fibrinolytic  agents)  offer  a  safe  and  effective  alternative  to  surgery  for 
massive  pulmonary  embolism  and  may  well  have  important  therapeutic  applica- 
tions against  coronary  thrombosis  and  other  cardiovascular  disorders  stemming 
from  abnormal  blood  clots.  Also  under  investigation  is  the  value  of  aspirin 
and  other  agents  that  inhibit  the  aggregation  of  blood  platelets  in  preventing 
various  clotting  complications  of  cardiovascular  diseases. 

Clotting  complications  are  also  a  major  factor  limiting  the  use  of  heart-lung 
machines,  heart-assist  devices,  artificial  valves,  and  other  "foreign"  pros- 
thetics.  Recently,  techniques  have  been  developed  for  bonding  blood-compatible 
hydrogels  to  the  surfaces  of  various  prosthetic  materials,  an  important  step 
toward  eliminating  or  reducing  a  major  problem  that  has  all  too  frequently 
attended  their  use. 

The  Institute's  program  against  sickle  cell  anemia  has  continued  to  gain 
momentum:   Presently  NHLI  is  supporting  15  Comprehensive  Sickle  Cell  Disease 
Centers,  26  Screening  and  Education  Clinics,  28  mission-oriented  research  and 
development  projects,  and  '♦I  regular  research  grants.   A  recently  completed 
collaborative  study  indicated  that  urea  is  of  no  special  value  in  treating 
sickle-cell  crisis,  but  studies  of  other  anti-sicling  agents  are  still  in 
progress.   The  Institute  also  sponsored  the  First  National  Symposium  on  Sickle 
Cell  Diseases,  held  June  27-29  in  Washington  and  featuring  more  than  100 
presentations  on  molecular,  cellular,  and  clinical  aspects  of  the  disease. 

Intramural  Research 


Among  the  findings  reported  by  scientists  of  the  Division  of  Intramural  Research 
during  FY  ig?'*  were  the  following: 

—Echocardiography  provides  a  painless,  non-invasive  technique  for  visual- 
izing various  heart  structures  with  ultrasonic  echoes.  The  technique, 
developed  elsewhere  but  substantially  improved  by  scientists  at  NHLI 
and  other  divisions  of  NIH,  is  finding  important  applications  both  in 
cardiac  physiology  and  in  the  diagnosis  and  evaluation  of  various  con- 
genital and  acqui red  heart  disorders. 

— The  slowing  of  heart  rate  that  often  occurs  after  a  heart  attack  has 
been  considered  harmful  by  some  scientists,  who  have  advocated  the  use 
of  atropine  to  speed  the  heart  up.   However,  NHLI  studies  have  shown 
that  the  lower  heart  rate  results  in  electrophysiologic  changes  that 
actually  help  to  protect  the  heart  against  the  development  of  serious 
arrhythmias.   Speeding  up  heart  rate  by  atropine  or  other  means  not 
only  makes  the  damaged  heart  more  susceptible  to  arrhythmias,  but  may 
also  extend  the  area  of  ischemic  heart  muscle  damage. 

--Nitroglycerine,  the  time-honored  drug  for  angina  pectoris,  increases 
bloodflow  to  heart  muscle  by  diminishing  resistance  to  bloodflow  through 
collateral  blood  vessels;  and  it  also  improves  the  electrical  stability 
of  the  heart  after  myocardial  infarction.  The  results  of  these  NHLI 
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studies  suggest  that  th.e  long-accepted  practice  of  not  administering 
nitroglycerine  to  patients  with  Mi  is  in  error,  and  that  the  drug  may 
be  uniquely  valuable  for  diminishing  ischemic  injury  and  reducing  the 
threat  of  arrhythmias. 

--Hormones  secreted  by  various  endocrine  glands  affect  many  functions  of 
the  cardiovascular  system,  kidney,  blood,  and  lungs.   NHLI  studies  in 
endocrinology  during  FY  197if  resulted  in  1)  determination  of  the  amino- 

.  acid  sequence  of  the  active  portion  of  parathyroid  hormone,  an  important 
regulator  of  bone  metabolism;  2)  development  of  a  highly  promising  treat- 
ment of  osteoporosis;  and  3)  development  of  an  effective  means  for  pre- 
venting the  formation  of  calcium  stones  in  the  kidney. 

Staff  Appointments  During  FY  197it 

Dr.  Robert  L.  Ringler,  Deputy  Director  of  the  Institute  since  1969,  was  named 
Acting  Director  when  Dr.  Theodore  Cooper,  NHLI  Director  since  1968,  was 
appointed  Deputy  Assistant  Secretary  for  Health,  DHEW, 

Dr.  Robert  I  Levy,  formerly  Chief  of  the  Lipid  Metabolism  Branch,  was  named 
Director  of  the  NHLI  Division  of  Heart  and  Vascular  Diseases.   He  replaced 
Dr.  Theodore  Cooper,  who  had  served  as  Acting  Director  of  the  Division  since 
its  establishment  in  1972. 

Dr.  Jack  Orloff,  formerly  Chief  of  the  NHLI  Laboratory  of  Kidney  and  Electro- 
lyte Metabolism,  was  named  Director  of  the  Institute's  Division  of  Intramural 
Research.  He  replaced  Dr.  Donald  S.  Fredrickson,  who  was  appointed  President 
of  the  Institute  of  Medicine,  National  Academy  of  Sciences. 

Dr.  Jim  L.  Shields,  former  Chief  of  the  NHLI  Review  Branch,  was  named  Assistant 
Director  for  Health  Information  Programs,  NHLI,  ard  Chief  of  the  Institute's 
Office  of  Prevention,  Control  and  Education. 


Shiela  C.  Mitchell,  formerly  Assistant  to  the  Director,  NHLI, 
if  of  the  Atherogenesis  Branch  in  the  Institute's  Division  of'f 


Dr.  -M.^.a  u.  r,,Li.Mcii,  lurmeriy  Hssistant  to  the  Director,  NHLI,  was  named 
Chief  of  the  Atherogenesis  Branch  in  the  Institute's  Division  of  Heart  and 
Vascular  Diseases. 

Dr.  Basil  M.  Rifkind  replaced  Dr.  Robert  I.Levy  as  Chief  of  the  Lipid  Metabolisn 
Branch  in  the  NHLI  Division  of  Heart  and  Vascular  Diseases. 
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ANNUAL  REPORT  -  DIVISION  OF  HEART  AND  VASCULAR  DISEASES,  NHLl 
July  I ,  1973  -  June  30,  1974 

The  Division  of  Heart  and  Vascular  Diseases  (DHVD)  is  responsible  for  planning 
and  directing  the  National  Heart  and  Lung  Institute's  research  grant,  contract 
and  training  programs  in  heart  and  vascular  diseases  which  encompasses  basic 
research,  targeted  research,  clinical  trials,  and  prevention,  control  and 
demonstration  activities.   It  maintains  surveillance  over  developments  in 
its  program  areas  and  assesses  the  national  need  for  research  in  the  causes, 
prevention,  diagnosis,  and  treatment  of  cardiovascular  disease  and  for  man- 
power training  in  this  disease  area.   Furthermore  the  Division  maintains 
the  necessary  scientific  management  capability  to  foster  and  guide  an  effective 
attack  upon  cardiovascular  diseases. 

Overview 

Cardiovascular  disease  is  the  number  one  killer  in  the  United  States.  A 
major  focus  in  the  Division  is  on  arteriosclerosis  and  hypertension  which 
together  account  for  over  1,000,000  deaths  annually.  The  Division  of  Heart 
and  Vascular  Diseases  programs  are  broad-based,  employing  all  available 
funding  mechanisms  in  an  attempt  to  responsibly  take  three  kinds  of  actions: 
support  of  new  basic  research;  clinical  evaluation  of  existing  basic  research 
concepts  (clinical  trials);  and  Prevention,  Control  and  Education  Programs 
such  as  the  National  High  Blood  Pressure  Education  Research  Program  translating 
research  concepts  to  practical  patient  care.  To  accomplish  these  goals,  pro- 
grams are  underway  in  ten  overlapping  areas:  arteriosclerosis,  hypertension, 
congenital  and  rheumatic  heart  disease,  cardiomyopathy  and  infections  of  the 
heart,  peripheral  vascular  disease,  coronary  heart  disease,  cerebrovascular 
disease,  heart  failure  and  shock,  arrhythmia  and  circulatory  assistance.  For 
each  of  these,  basic  research  is  being  conducted  into  etiology  and  patho- 
genesis in  order  not  only  to  treat  these  diseases  but  eventually  to  prevent 
them.  A  major  goal,  therefore,  is  to  obtain  a  better  understanding  of  the 
basic  processes  involved  in  vascular  diseases.  To  test  and  evaluate  newly 
gained  knowledge,  varied  complex  and  broad  investigations  are  undertaken. 
Clinical  trials  are  in  progress  in  arteriosclerosis  and  hypertension  to 
determine  the  impact  of  lowering  lipids  on  heart  attacks  in  patients  with 
certain  lipid  disorders,  the  impact  of  controlling  hypertension  on  heart 
attacks,  as  well  as  the  impact  of  controlling  simultaneously  the  three  major 
risk  factors.  Since  prevention,  rather  than  treatment,  of  heart  and  blood 
vessel  disorders  offers  the  greatest  promise  of  reducing  death  and  disability, 
an  effort  to  more  effectively  apply  the  knowledge  and  findings  arising 
from  our  research  efforts  and  clinical  trials  is  underway  through  a  Pre- 
vention, Control  and  Education  Program.   The  aim  is  to  develop  better 
mechanisms,  using  all  media  of  communication,  to  disseminate  Knowledge 
about  heart  and  blood  vessel  disease  to  the  health  practione'"  and  the 
public.  Particular  emphasis  is  presently  placed  on  the  development  and 
evaluation  of  a  program  for  the  detection  and  management  of  hypertension. 

Administrative  Highlights 

During  the  past  year  several  administrative  steps  were  taken  to  tighten  our 
review  and  evaluation  procedures  and  to  develop  an  organizational  structure 
that  would  be  consistent  with  the  delegation  of  various  authorities  to  the 
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Division  and  be  responsive  to  the  public  we  serve.  These  include: 

(a)  Establishment  of  a  formal  secondary  review  body  for  research 
contracts  composed  of  the  DHVD  Executive  Staff.  This  group 
now  functions  as  a  recommending  body  to  the  Division  Director. 

(b)  Standardization  of  a  scientific  and  financial  monitoring 
system  for  program  project  grants  and  contracts  in  the 
Division.  Heretofore,  various  program  areas  monitored  these 
awards  in  various  ways.  This  created  confusion  in  the 
recipient  institutions  and  differing  degrees  of  scientific 
awareness  and  management  practices  in  the  operating  Division 
branches. 

(c)  Establishment  of  a  DHVD  Fact  Book  which  functions  as  a 
reference  book  for  NHL  I  and  DHVD  staff  and  serves  as  the  basis 
for  the  Division's  Implementation  Plan  In  .response  to  the 
requirement  of  the  National  Heart  and  Lung  Act.  That  plan, 
once  approved.  Is  used  as  the  Division's  Independent  operating 
document . 

(d)  On  October  10,  1973,  the  Cardiovascular  Devices  Branch  (formerly 
a  part  of  the  Division  of  Technological  Applications)  was 

made  a  part  of  the  Division.  This  new  branch  Is  responsible 
for  conducting  a  program  for  the  development  and  assessment 
of  cardiovascular  devices,  instruments  and  other  related 
technology  for  research,  disease  detection  and  patient  manage- 
ment , 

(e)  On  February  28,  1974,  the  Manpower  Branch  was  established  under 
the  Office  of  the  Director  to  be  responsive  to  the  Division's 
requirements  for  planning  and  conducting  a  program  for  the 
study  of  and  development  of  highly  specialized  manpower  resources 
related  to  research  In  and  clinical  care  of  heart  and  vascular 

d I seases . 

(f)  Development  of  capability  within  the  Office  of  the  Director  to 
coordinate  and  implement  the  prevention,  control  and  education 
programs  of  the  Division.  This  Is  in  response  to  a  need  to 
disseminate  Information  and  educate  the  medical  and  related 
professions  and  the  lay  public  In  cardiovascular  disease  problems 
by  hastening  the  translation  of  basic  research  findings  to 
patient  care  practices. 

Research  Highlights 

Following  are  but  a  few  abbreviated  examples  of  the  research  progress 
made  during  the  past  year: 

(a)  The  mechanisms  Involved  in  normal  and  abnormal  lipid  transport 
have  been  further  defined.  Transport  of  lipids  In  the  plasma  has 
been  shown  to  be  a  very  dynamic  process.  Several  of  the  lipid 
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carrying  proteins  have  been  sequenced,  their  functional  roles 
have  been  determined  as  has  their  interaction  with  the  arterial 
eel  1  wal 1 . 

(b)  The  development  of  a  sensitive  hormonal  assay  for  plasma 
renin  has  stimulated  new  research  efforts  In  basic  hyperten- 
sive inechanisms  and  led  to  a  functional  differentiation  of 
at  least  two  different  forms  of  essential  hypertension. 

(c)  Development  of  technology  to  measure  infarct  size  through 
radioisotope  Imaging,  surface  electrode  mapping,  ultrasound, 
and  serial  serum  creatinephosphokinase  determinations  have  been 
developed,  validated  and  compared.  Those  techniques  promise 
to  provide  the  necessary  tools  to  allow  clinial  investigators 
to  finally  evaluate  effective  management  practices  for  re- 
ducing the  size  of  Infarcted  myocardium. 

(d)  Noninvasive  techniques  designed  to  measure  the  extent  of 
arteriosclerotic  vessel  involvement  using  ultra-sound, 

^xray  densitometry  and  computer  controlled  high  energy  image 
Intensification,  promises  to  make  it  possible  to  detect  the 
presence  and  extent  of  vascular  disease  at  an  early  stage 
and  at  a  lower  degree  of  risk  to  the  patient. 

Clinical  Trials 

In  the  Division  a  number  of  clinical  trials  necessary  for  the  complete 
evaluation  and  validation  of  basic  research  concepts  are  at  different 
stages  of  completion. 

(a)  The  Coronary  Drug  Project  which  began  over  five  years  ago  to 
evaluate  the  efficacy  of  lipid  lowering  drugs  in  patients 
with  heart  disease  Is  entering  its  last  year.  Preliminary 
results  for  patients  taking  clofibrate  or  nicotinic  acid  over 
the  five  year  study  period  and  a  two  year  experience  on  the 
morbidity  and  mortality  of  a  small  subgroup  of  patients 
randomized  to  asprin  should  be  available  by  late  winter  1975. 

(b)  The  Hypertension  Detection  and  Fol low-Up  Program  whose  mission 
Is  to  determine  the  extent  to  which  mortality  and  morbidity 
can  be  reduced  by  a  continued  community  based  stepped  care 
program  of  hypertension  management  and  follow-up  has 
completed  its  recruitment  phase.  Over  160,000  persons  have 
been  screened  in  the  14  study  centers  and  over  11,000  men 

and  women  with  diastolic  blood  pressure  of  95  mm  or  hiciher  have 
been  enrolled  in  the  study.  The  program  now  enters  a  five  year 
period  during  which  each  person  randomized  into  the  program  will 
be  fol lowed. 

(c)  The  Multiple  Risk  Factor  Intervention  Trial  Is  designed  to  study 
whether  the  reduction  of  serum  cholesterol,  reduction  of 
elevated  blood  pressure  and  elimination  or  reduction  of  cigarette 
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smoking  will  produce  a  significant  reduction  in  morbidity  and 
mortality  from  coronary  heart  disease.  Twenty  clinical  centers 
will  each  screen  12,000  to  20,000  otherwise  asymptomatic  men 
In  their  areas  to  identify  and  enroll  a  total  of  12,000  men 
who  have  a  high  risk  of  developing  coronary  heart  disease 
because  of  combinations  of  these  three  major  risk  factors.  This 
program  has  completed  Its  organizational,  training,  and  pilot 
testing  phases  and  is  now  entering  into  a  screening  and 
recruitment  phase. 

(d)  The  Lipid  Research  Clinics  Program  has  as  one  of  its  major 
objectives  the  completion  of  a  seven  year  trial  designed 
to  test  the  hypothesis  that  lowering  the  levels  of  lipids  in 
the  blood, decrease  the  Incidence  of  heart  attacks  and 
heart  attack  deaths.  The  12  Lipid  Research  Clinics  parti- 
cipating In  this  trial  have  completed  their  study  protocol 
and  are  now  all  actively  recruiting  the  3,600  male  subjects 
with  hyperlipoproteinemia  needed  for  this  trial. 

(e>  The  Coronary  Artery  Surgery  Trial  has  entered  a  pilot  phase  of  data 
collection,  during  which  a  preliminary  registry  will  be  set  up 
and  feasibility  of  randomized  studies  on  selected  patient  subgroups 
will  be  determined.   It  Is  estimated  that  this  phase  will  be 
completed  during  FY'75,  at  which  time  the  definitive  registry  and 
the  randomized  trial  will  be  launched.  Current  estimates  call 
for  two  years  of  patient  intake  and  at  least  five  years  of 
follow-up,  plus  an  additional  year  for  data  analysis. 

Coordination  of  all  these  trials  Is  a  major  divisional  task.   The 
need  for  total  commitment  and  medical  accountability  and  patient  monitoring 
place  heavy  burdens  on  DHVD  staff.   In  the  past  year  comparability  in 
risk  factor  measurements  (blood  pressure,  cholesterol,  smoking  history  and 
nutritional  status)  has  been  accomplished  for  all  DHVD  trials. 

Education  and  Demonstration  Program 

Since  prevention,  rather  than  treatment,  of  heart  and  blood  vessel  disorders 
offers  the  greatest  promise  of  reducing  death  and  disability  an  effort  to 
more  effectively  apply  the  knowledge  and  findings  arising  from  our  basic 
research  efforts  and  clinical  trials  is  underway  through  the  Division's 
Prevention,  Control  and  Education  Program.  The  aim  of  this  Program  is  to 
develop  better  mechanisms  using  all  media  of  communication  to  disseminate 
knowledge  about  heart  and  blood  vessel  disease.  Considerable  knowledge  is 
already  available  on  the  effective  treatment  and  control  of  hypertension; 
however,  achieving  the  most  effective  means  for  applying  this  knowledge 
to  individuals  In  need  requires  more  specific  research  and  education 
efforts.  The  High  Blood  Pressure  Education  and  Information  Program 
through  its  educational  research  program.  High  Blood  Pressure  Information 
Center,  community  consultation  service  and  other  initiating  and  coordinating 
activities  has  begun  to  make  major  inroads  in  this  area.   In  addition, 
the  Division  has  supported  a  year  long  Task  Force  on  Cardiac  Rehabilitation 
which  has  attempted  to  define  the  psychological,  sociological  and  physiologic 
factors  involved  in  cardiac  rehabilitation.  This  Task  Force's  final  report   ( 
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and  recommendations  will  serve  as  the  foundation  for  new  research  as 
well  as  demonstration  and  education  efforts  In  this  important  area. 

Future  Plans 

In  the  coming  year  the  Division  plans  to  continue  its  major  emphasis 
on  basic  research  and  its  commitment  to  the  ongoing  clinical  trials. 

New  efforts  will  include: 

(a)  The  establishment  of  clinical  centers  for  an  asprin-myo- 
cardial  infarction  study  in  the  secondary  prevention  of 
coronary  artery  disease.  This  new  study  is  planned  to  involve 
3,500  patients  and  last  three  years. 

(b)  Support  of  a  National  High  Blood  Pressure  Education  Research 
Program  to  explore  ways  of  educating  professionals  and  the  general 
public  that  will  effect  a  greater  degree  of  compliance  and 
adherence  to  hypertension  regimes. 

(c)  Establishment  of  a  network  of  Specialized  Centers  of  Research  In 
Ischemic  Heart  Disease  to  further  expand  the  research  efforts  of 
the  now  terminating  Myocardial  Infarction  .Research  Units  (MIRUs). 
These  new  specialized  centers  will  have  a  broader  mandate  then 
the  MIRUs  and  will  conduct  basic  and  clinical  research  in  the 
area  of  both  acute  and  chronic  ischemic  heart  disease. 

(d)  Announcement  of  a  new  open  competition  for  Specialized  Centers 
of  Research  in  Hypertension.  These  centers  will  be  dedicated  to 
the  study  of  the  etiology  and  pathogenesis  of  hypertension.  They 
will  also  attempt  to  expedite  the  development  and  application 

of  new  knowledge  essential  for  the  improved  diagnosis  and  manage- 
ment of  hypertension. 

Finally,  the  Division  plans  to  initiate  three  new  specific  endeavors  and 
give  them  high  priority.  The  Division  will: 

(a)  Stimulate  development  of  sensitive,  specific,  invasive  and  non- 
invasive convenient  and  safe  diagnostic  techniques  for  use  in 
defining  the  nature  and  extent  of  vascular  disease. 

(b)  Establish  colonies  of  suitable  animal  models  with  particular  reference 
to  non-human  primates  with  arteriosclerotic  or  hypertensive  disease 
for  use  in  research  on  arteriosclerosis,  hypertension  and  stroke. 

(c)  Encourage  experts  in  psychology,  sociology  and  behavioral  research 
to  investigate  the  problems  associated  with  health  education  and 
attitudes,  motivation  and  compliance  as  they  apply  to  the  prevention 
and  control  of  arteriosclerosis,  hypertension  and  stroke. 
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ANNUAL  REPORT 

OF 

DIVISION  OF  BLOOD  DISEASES  AND  RESOURCES,  NHL  I 

July  I,  1973  through  June  30,  1974 

The  Division  of  Blood  Diseases  and  Resources  initiates  and  carries  out, 
through  research  grant  and  contract  support,  programs  aimed  toward  improving 
the  diagnosis,  prevention,  treatment,  and  cure  of  diseases  of  the  blood 
and  related  disorders,  and  toward  improving  the  management  and  maintenance 
of  the  nation's  blood  resources.   These  programs  encompass  basic  research, 
targeted  applied  research,  clinical  trials  and  demonstrations  and  applications 
of  these  research  findings  in  four  programmatic  areas:  bleeding  and  clotting 
disorders,  sickle  cell  disease  and  related  disorders,  blood  resources,  and 
biomaterials  research  and  development.   The  Division  maintains  surveillance 
and  assessment  of  the  national  needs  for  research  in  these  areas  and  seeks 
to  develop  and  support  programs  to  fulfill  those  needs. 

Below  are  briefly  described  some  of  the  highlights  of  accomplishments  of 
the  Division  in  the  past  year  and  some  remaining  problems. 

As  part  of  the  Division's  activities  in  bleeding  and  clotting  disorders, 
a  major  emphasis  is  being  placed  on  research  studies  in  hemophilia  and  its 
treatment,  which  represents  a  major  drain  on  the  national  blood  resources. 
Recent  studies  have  significantly  advanced  our  understanding  of  the  molecular 
aspects  of  factor  VIM,  the  activity  which  is  deficient  in  the  most  common 
form  of  hemophilia.   In  the  past  year,  studies  leading  to  a  standard  protocol 
for  preparing  factor  VIM  cryoprecipitate  for  treatment  have  improved  the 
efficiency  and  yield  of  preparations  and  will  hopefully  lead  to  a  reduced  cost 
of  production  and  a  reduced  demand  on  the  blood  resources.   Studies  of  the 
treatment  and  health  care  of  hemophilia,  including  the  feasibility  of  home 
care  systems,  hopefully  will  reduce  the  costs,  decrease  hospitalization  time, 
and  reduce  the  demands  on  health  care  systems  for  the  treatment  of  this 
disease.   Major  problems  which  remain  are  our  inability  to  prevent  or  cure 
this  disease  or  to  insure  the  comprehensive  care  which  is  required  for  these 
patients.   Factors  VIM  and  IX  for  treatment  are  in  inadequate  supply  and 
carry  a  risk  of  hepatitis  infection.   Further  work  on  the  molecular  under- 
standing of  the  clotting  factors  is  needed  to  improve  the  treatment,  and  to 
possibly  provide  prevention  and  cure  of  hemophilia  in  the  future.   Potential 
development  of  synthetic  factor  VIM  is  being  investigated,  as  are  the 
potentials  for  improved  plasma  fractionation  methods  and  a  real'stic  basis 
for  carrier  detection. 

Studies  on  the  mechanisms  of  thrombosis  and  means  for  it.s  control  have 
shown  the  potential  efficacy  of  agents  which  can  dissolve  clots  in  the  lungs 
and  can  be  administered  intravenously.   This  therapy  may-offer  a  relatively 
safe  and  effective  alternative  to  surgery  in  the  patient  with  massive 
pulmonary  emboli  and  has  far  reaching  implications  for  other  diseases  in  which 
ribnormal  blood  clots  play  a  role. 


Perhaps  most  exciting  is  the  promise  offered  by  drugs  which  prevent  the 
formation  of  blood  clots  by  inhibiting  the  aggregation  of  blood  platelets  in 
the  blood  vessels.   Recent  laboratory  and  clinical  studies  indicate  that 
these  agents  may  have  an  important  potential  in  the  prevention  of  a  wide  range 
of  thrombotic  disorders,  including  heart  attacks. 

Major  problems  still  remain  in  the  prevention  of  thrombosis  and  its 
treatment  as  well  as  uncertainty  of  treatment  indications. 

Recent  accomplishments  in  the  development  of  blood  compatible  biomaterials 
include  the  development  of  means  to  alter  surfaces  of  materials  to  render 
them  biocompatible  by  the  bonding  of  hydrogels  to  such  surfaces.   Continuing 
developments  toward  the  improvement  of  O2  and  CO2  permeable  materials  for  use 
in  membrane  oxygenators  are  showing  promising  results.   Ongoing  programs  are 
improving  the  capabilities  of  testing  material s  for  their  biocompati bi I ity. 
However,  a  better  understanding  of  the  mechanical-physicochemical  properties 
of  materials  and  the  mechanism  of  initiation  of  blood  clots  is  required  for 
continued  development  of  biocompatible  materials. 

As  part  of  the  Division's  clinical  research  studies  of  sickle  cell  disease 
and  related  disorders,  urea  was  demonstrated  to  be  ineffective  in  treatment  of 
sickle  cell  crises;  studies  are  underway  of  other  anti-sickl i ng  agents. 
Laboratory  tests  for  hemoglobin  abnormalities  have  improved  and  a  training 
program  to  increase  the  uniform  application  of  these  tests  is  underway.   Accurate 
means  for  the  detection  of  sickle  cell  disease  and  trait  at  birth  are  now 
technically  feasible  and  are  becoming  economically  practical.   Fifteen  research 
centers  examining  thirty-nine  scientific  areas  have  been  established  and  are 
contributing  valuable  research  information  on  this  disease.   Twenty-six  clinics 
for  the  screening  and  genetic  counselling  of  potential  sickle  cell  carriers 
provide  a  nationwide  effort  to  permit  individuals  to  make  informed  decisions 
about  their  future.   Increased  efforts  are  needed  on  a  nationwide  education 
program  and  increased  non-government  involvement  is  needed.   There  is  no  cure 
or  prevention  for  this  disease  and  the  treatment,  education,  and  counselling 
are  not  adequate.   Efforts  to  strengthen  interagency  coordination  and  community 
involvement  are  underway. 

In  the  area  of  blood  resources,  the  Division's  efforts  have  played  a 
catalytic  role  toward  the  development  of  an  American  Blood  Commission  to  imple- 
ment the  National  Blood  Policy.  Other  activities  include  continuing  study  of 
regional  blood  supply  systems  and  cooperation  in  the  coordinated  efforts  of 
other  agencies  of  DHEW  and  the  private  sector.   A  major  effort  and  emphasis  on 
the  safety  of  transfusion  and  transfusion  products  continues.   The  hepatitis  A 
virus  has  apparently  been  demonstrated  by  NIAID  scientists;  as  a  result  it  is 
becoming  clear  that  most  of  the  non-hepatitis  B  post-transfusion  infection 
appears  to  be  a  non-B,  non-A  hepatitis.   Completion  of  a  clinical  trial  of 
hepatitis  B  immune  globulin  indicates  that  for  acute  fulminant  hepatitis  this 
treatment  is  not  effective.  A  panel  of  standardized  hepatitis  B  antigen  and 
antibody  reagents  are  now  available  for  investigators  as  are  improved,  more 
sensitive  tests  for  hepatitis  B  detection.   However,  tests  for  hepatitis  B  with 


increased  sensitivity  are  still  needed  and  adequate  tests  for  hepatitis  A 
need  to  be  developed.   Further  problems  include  the  lack  of  an  inexpensive 
animal  model  for  hepatitis  research.   This  severely  limits  the  development  of 
safe  blood  and  blood  products.   In  the  field  of  component  therapy,  a  major 
accomplishment  is  the  shelf  life  extension  of  liquid  stored  platelets  to 
72  hours  which  will  improve  the  availability  and  accessibility  of  this 
essential  component  significantly. 


DIVISION  OF  LUNG  DISEASES 

ANNUAL  REPORT 

July  1,  1973  through  June  30,  1974 

The  Division  of  Lung  Diseases  plans  and  directs  the  Institute's  extramural 
programs  relative  to  respiratory  diseases,  coordinates  and  evaluates  these 
programs,  and  maintains  liaison  with  other  divisions  and  agencies  as  well  as 
with  national  and  international  professional  groups  with  relevant  interests 
The  Division's  program  plan  is  described  in  Volume  I  of  the  National  Heart.' 
Blood  Vessel.  Lung  and  Blood  Program,  and  its  procedures  for  planning,  co- 
ordinating  and  evaluating  its  programs  are  detailed  in  the  last  annual  report 
Accomplishments  and  problems  encountered  during  this  fiscal  year  are  de- 
scribed below. 

Since  issuance  (May  1973)  of  the  Institute's  national  plan,  the  Division  has 
added  programs  on  pulmonary  vascular  and  inhalation  diseases,  and  has  ex- 
panded Its  proposed  actions  relative  to  lung  structure  and  function  to  in- 
clude studies  on  alterations  in  proteins  and  cells  as  a  consequence  of  lunn 
injury.  ^         -^ 

Consonant  with  the  prevention,  control  and  education  requirements  of  the  In- 
stitute s  National  Program,  the  Division's  revised  plan  emphasizes  a  program 
for  education  of  physicians  and  the  lay  public  relative  to  respiratory  dis- 
eases. The  Division's  first  solicitation  for  contract  proposals  addressed  to 
education  was  issued  in  January  1974,  requesting  applications  for  educational 
programs  for  early  treatment  of  acute  respiratory  insufficiency.  Several  con- 
tracts are  being  negotiated  and  will  be  funded  before  the  end  of  the  fiscal 
year.  In  this  context,  it  should  be  noted  that  the  education  and  demonstra- 
tion aspects  of  the  Division's  programs  have  presented  problems  because  the 
concepts  are  new  both  to  the  Institute  and  to  the  constituency  it  has  served 
in  the  past.  This  is  evident  in  the  review  of  the  National  Research  and 
Demonstration  Centers,  which  are  required  to  have  viable  demonstration  and 
education  programs  if  they  are  to  compete  successfully.  The  review  of  the 
Centers  has  been  an  educational  experience  for  the  Division's  staff  and  plans 
are  in  development  for  drawing  upon  experts  in  physician  and  public  education 
and  in  demonstration  projects  to  advise  the  Division  so  this  facet  of  its  pro- 
gram will  be  strengthened.  In  addition,  in  a  letter  to  all  principal  inves- 
tigators on  research  grants  or  contracts,  the  Division  asked  for  suggestions 
of  topics  appropriate  for  demonstration  projects.  (This  letter  also  requested 
suggestions  for  clinical  trials  and  topics  that  should  be  emphasized  in  the 
Division's  planning.) 

The  following  new  programs  were  initiated: 

•  Young  Investigator  Pulmonary  Research  Grant  is  designed  to  enable 
young  scientists  or  physicians  to  pursue  pulmonary-related  research 
projects  of  their  own  design  by  providing  modest  support  for  a  two- 
year  period   It  attracted  150  applicants;  of  those  who  competed  suc- 
cessfully, 50  have  been  funded. 
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•  Minority  Schools  Program,  a  program  administered  by  the  Division  of 
Research  Resources.  The  Division  of  Lung  Diseases  has  transferred 
funds  to  provide  support  for  some  pulmonary-related  projects,  and  has 
also  participated  in  conferences  relative  to  this  program. 

•  Individual  Fellowship  Program,  which  is  to  provide  sunoort  for  spe- 
cialized training,  attracted  a  number  of  applications  for  pulmonary- 
related  fellowships. 

•  National  Research  and  Demonstration  Centers,  a  program  that  adds  a  new 
dimension  (demonstration  and  education),  has  attracted  16  applicants 
for  pulmonary  Centers.  Final  review  will  be  at  the  June  meeting  of 
the  Council,  for  funding  next  fiscal  year. 

To  insure  quality  control  of  its  targeted  programs,  the  Division  has  again 
obtained  from  the  Pulmonary  Diseases  Advisory  Committee  a  detailed  assessment 
of  each  SCOR  grant,  on  the  basis  of  the  annual  progress  report.  The  first 
generation  of  Pulmonary  Academic  Awardees  have  been  visited  by  staff,  ad  hoc 
consultants  and  representatives  of  the  Advisory  Committee  as  a  first  step  to 
monitoring  progress.  In  addition,  the  first  group  of  contracts  to  have  ter- 
minated (oxygen  toxicity)  have  been  reviewed  by  ad  hoo   consultants  to  see 
whether  they  have  achieved  the  objectives  as  originally  defined. 

A  number  of  workshops  have  been  held  to  enable  SCOR  grantees,  contractors  and 
consultants  to  discuss  in  detail  problems  of  mutual  interest.  Because  parti- 
cipation is  limited,  the  Division  has  prepared  reports  for  dissemination  to 
the  biomedical  community.  Workshops  were  held  on  the  following  subjects: 
epidemiology  of  respiratory  diseases;  early  diagnosis  and  screening  for  ob- 
structive lung  disease;  animal  models  of  obstructive  lung  disease;  hypersen- 
sitivity lung  diseases;  standardization  of  radiographic  techniques  for  early 
detection  of  lung  diseases;  and,  jointly  with  NICHD,  a  workshop  on  pharmaco- 
logic agents  in  enhancement  of  lung  maturation.  In  addition,  the  Division 
arranged  a  symposium  (on  respiratory  regulation  and  its  clinical  relevance) 
in  association  with  the  American  Lung  Association's  annual  meeting. 

It  is  noteworthy  that  the  investigator-initiated  program  project  mechanism 
has  attracted  investigators  from  the  basic  disciplines  of  biochemistry  and 
immunology,  who  are  increasingly  relating  their  work  to  pulmonary  problems. 
In  this  fiscal  year,  the  number  of  pulmonary-related  program  projects  has 
increased  by  50  percent,  and  the  five  programs  most  recently  awarded  are  all 
heavily  involved  with  fundamental  approaches. 

As  in  the  past,  the  Division  has  turned  to  the  contract  mechanism  when 
investigator-initiated  grants  do  not  adequately  address  problems  important  to 
national  health.  This  year,  the  Division  issued  three  requests  for  proposals 
relative  to  sarcoidosis,  a  disease  of  greater  prevalence  among  blacks  and 
women.  Awards  have  been  negotiated  for  several  contracts  to  develop  an  in 
vitro   test  for  sarcoidosis  and  for  establishment  of  a  reference  laboratory. 
Negotiations  were  also  completed  this  year  for  a  clinica""  trial  of  extracor- 
poreal membrane  oxygenators.  The  protocol  developed  prior  to  award  of  these 
contracts  has  been  disseminated  by  the  Division  for  the  information  of  the 
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biomedical  community.  Another  group  of  contracts  has  been  awarded  for  the 
isolation  and  characterization  of  elastin,  a  constituent  of  connective  tissue 
that  is  affected  in  a  number  of  pulmonary  diseases. 

With  almost  a  two-fold  expansion  in  the  level  of  funding  within  a  two-year 
period,  the  Division's  major  problem  is  to  acquire  a  profes:icr.;1  staff  of 
sufficient  size  to  monitor  responsibly  its  large  --  and  still  growing  -- 
program.  It  continues  to  maintain  close  liaison  with  the  biomedical  communi- 
ty, to  be  responsive  to  new  needs  and  new  opportunities,  and  tries  to  develop 
innovative  approaches  to  planning,  implementing  and  evaluating  its  programs. 


LD  3 


NATIONAL  HEART  AND  LUNG  INSTITUTE 

DIVISION  OF  EXTRAMURAL  AFFAIRS 

Annual  Report 

July  1,  1973  -  June  30,  1974 


Many  of  the  increased  activities  and  responsibilities  that  affected  the 
entire  Division  of  Extramural  Affairs  during  fiscal  year  1974  were  related 
to  two  significant  events.   First,  the  Judge  of  the  U.S.  District  Court  for 
the  District  of  Columbia,  in  litigation  brought  by  the  Association  of 
American  Medical  Colleges  against  the  Department  of  Health,  Education,  and 
Welfare,  decided  for  the  plaintiff  and  ordered  the  release  of  fiscal  year 
1973  funds  which  had  been  impounded  by  the  Office  of  Management  and  Budget. 
The  released  funds,  including  $43,000,000  of  NHLI  funds,  were  to  be  awarded 
for  approved  but  unfunded  grant  and  contract  proposals  that  would  have  been 
awarded  in  fiscal  year  1973.   The  Court  also  ordered  the  reinstatement,  at 
the  previously  approved  funding  levels,  of  training  grants  that  were  being 
phased  out.   The  second  significant  event  that  affected  the  Division's 
activities  was  the  Congressional  increase  of  $20,000,000  over  the  fiscal 
year  1973  budget.   The  implementation  of  these  judicial  and  fiscal  decisions 
required  an  increase  in  programmatic  and  administrative  activities  to  an 
extent  that  has  been  unparalleled  within  the  recent  past. 

Several  new  programs  were  initiated  in  fiscal  year  1974:   the  National 
Research  and  Demonstration  Centers  for  Heart,  Blood  Vessel,  Lung,  and  Blood 
Diseases  and  Blood  Resources;  the  Ischemic  Heart  Disease  Specialized  Centers 
of  Research;  the  Hypertension  Education  Research  Program;  the  Minority 
Biomedical  Support  Program;  the  Young  Investigator  Pulmonary  Research  Grant 
Program;  and  the  Research  Manpower  Program.   The  initial  review  for 
scientific  and  technical  merit  of  applications  in  all  of  these  new  activ- 
ities, in  addition  to  the  continuing  obligation  for  the  review  of  program 
project  grant  applications  and  contract  proposals,  has  resulted  in 
unprecedented  responsibilities  for  the  Review  Branch  of  the  Division  of 
Extramural  Affairs. 

Review  activities  were  expanded  also  in  relation  to  one  of  the  recommenda- 
tions of  the  NIH  Program  Mechanisms  Committee:   "All  grant  and  contract 
awards  must  be  based  on  objective  scientific  and  administrative  analyses  and 
review.   Technical  merit  review  by  qualified  peer  groups  is  the  key  to 
objective  analysis  and  evaluation.   ...  In  implementing  the  above 
recommendation  the  committee  strongly  suggests  that  procedures  for  contract 
award  require  analysis  and  review  of  proposals  by  persons  outside  the 
immediate  organizational  component  responsible  for  the  project  award  and 
management."  The  National  Heart  and  Lung  Institute  has  taken  che  lead  in 
restructuring  its  contract  review  in  this  manner.   Consequently,  the 
responsibilities  of  the  Review  Branch  have  more  than  tripled.   Not  only  was 
the  contract  review  responsibility  greatly  expanded  but  the  number  of  con- 
tracts initiated  by  the  Institute  in  fiscal  year  1974  was  significantly 
increased.   New  contracts  were  offered  in  relation  to  control  programs  in 
hypertension,  and  many  of  the  existing  clinical  trials  were  expanded  as 
additional  participants  were  recruited.   Indeed,  Institute  programs 


supported  through  the  contract  mechanism  escalated  from  a  base  of 
$59,000,000  in  fiscal  year  1973  to  $90,500,000  in  fiscal  year  1974;  this 
included  approximately  $20,000,000  of  funds  impounded  from  the  fiscal  year 
1973  budget.   This  rapid  growth  affected  both  the  Review  Branch  and  the 
Contract  Operations  Branch. 

The  Reports  and  Evaluations  Branch  has  developed  a  modem,  computer-based 
grant  and  contract  management  information  system  which  is  being  tested  at 
this  time.   In  addition  to  data  provided  by  the  Institute's  program  managers, 
the  system  utilizes  selected  data  from  the  Division  of  Research  Grants' 
IMP AC  system  in  the  creation  of  a  series  of  basic  files.  Periodic,  as  well 
as  specially  generated,  reports  can  therefore  be  provided  in  response  to 
program  needs.   This  information  system  is  scheduled  to  become  fully 
operational  in  fiscal  year  1975. 

A  major  policy  issue  during  fiscal  year  1974  resulted  from  the  phase-out 
and  the  subsequent  reinstitution  of  the  training  grant  programs  of  the 
National  Institutes  of  Health  and  the  initiation  of  the  new  Research  Man- 
power Program.   Stipend  levels  for  the  new  programs  greatly  exceeded  those 
of  the  former  training  programs.   This  has  meant  that  a  research  fellow 
whose  stipend  was  from  the  reinstituted  program  was,  in  effect,  expected  to 
accept  the  lower  stipend.   The  NIH  is  attempting  to  resolve  the  discrep- 
ancies associated  with  the  simultaneous  operation  of  two  kinds  of  training 
programs.   During  this  period  however  there  has  been  considerable  confusion 
and  uncertainty. 

The  staff  of  the  Division  of  Extramural  Affairs  has  continued  to  occupy  a 
central  and  key  role  in  Institute  dealings  with  the  National  Advisory 
Council.   The  interest  and  activity  of  the  Council  have  been  evident  in  a 
wide  variety  of  policy  issues. 

The  Council's  "First  Annual  Report",  as  required  by  PL  92-423,  has  been 
completed  and  forwarded  in  a  timely  manner;  DEA  staff  played  an  important 
part  in  that  accomplishment. 

The  Division  increased  its  number  of  employees  to  a  modest  extent.   This 
expansion  was  needed  to  provide  the  level  of  service  required  and  expected 
by  the  Institute.   An  Associate  Director  for  Review  was  appointed  to  direct 
the  greatly  expanded  review  effort.  An  additional  health  scientist 
administrator  and  supporting  staff  were  also  recruited  for  the  Review  Branch 
in  relation  to  the  increased  activity.   The  number  of  employees  in  the 
Contract  Operations  Branch  was  also  increased  to  a  limited  extent. 

The  morale  of  the  staff  was  adversely  affected  by  the  additional  individual 
workloads  coupled  with  promotion  restrictions  imposed  by  the  average-grade 
control  program.   The  Division  was  able  to  promote  less  than  18  percent  of 
its  employees  during  fiscal  year  1974.   Under  normal  circumstances  this 
promotion  rate  might  not  be  unwarranted;  however,  several  problems  have  had 
a  significant  effect  on  the  overall  promotion  situation.   For  example,  the 
Division's  contract  specialist  personnel  were  performing  duties  at  one  or 
two  grades  lower  than  their  counterparts  in  other  Institutes  who  had 
identical  responsibilities.   This  inequitable  situation  developed,  in  part. 


as  the  result  of  a  deliberate  attempt  to  recruit  new  and  (or)  replacement 
personnel  at  artifically  low  grades  so  as  to  achieve  the  goal  of  a  lower 
average  grade.   To  retain  these  essential  contract  specialists,  the  Division 
allocated  a  majority  of  the  promotions  to  these  positions.   In  other  areas 
of  the  Division,  many  individuals  were  hired  at  lower  grade  levels  as  long 
as  two  and  a  half  years  ago  and  they  have  not  been  promoted,  even  though 
they  have  assumed  additional  responsibilities  since  they  were  hired.   This 
gradually  worsening  situation  will  have  to  be  rectified  in  the  near  future. 
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Research  In  the  Section  on  Enzymes  Is  concerned  with  studies  on: 
(1)  biochemical  mechanlsias  of  cellular  regulation;  (2)  mechanism  of  enzyme 
action;  (3)  microtubules  in  ciliary  structures  and  function;  (4)  selenium- 
dependent  anaerobic  electron  transport;  (5)  metabolism  of  amino  acids  and  other 
nitrogen  compounds;  and  (6)   catalytic  roles  of  qulnones  and  various  trace  metals. 

Biochemical  Mechanisms  of  Cellular  Regulation 

A.   Glutamlne  Synthetase.  Previous  studies  in  this  laboratory  have  shown 
that  the  regulation  of  glutamlne  synthetase  activity  of  Escherichia  coll  is 
facilitated  by  two  oppositely  directed  cascade  systems  that  lead  to  inactivatlon 
of  glutamlne  synthetase  on  the  one  hand  and  to  activation  of  the  enzyme  on  the 
other.   The  inactivatlon  cascade  system  is  Initiated  by  the  action  of  an  enzyme 
(UR-enzyme)  that  catalyzes  the  hydrolysis  of  a  uridylylated  regulatory  protein 
(PlI'UMP)  to  form  UMP  and  unmodified  regulatory  protein,  ?ii-     The  Pu  together 
with  adenylyltransferase  (ATase)  catalyzes  attachment  of  the  AMP  moiety  of  ATP 
to  a  tyrosyl  residue  in  each  subunit  of  glutamlne  synthetase  (GS)  to  form 
catalytlcally  inactive  enzyme  (GS-AMP).   This  cascade  system  is  opposed  by  a 
slnllar  cascade  concerned  with  the  activation,  i.e.,  deadenylylation  of  GS'AMP. 
The  activation  is  initiated  by  the  action  of  a  uridylyltransferase  (UTase)  which 
catalyzes  attachment  of  the  urldylyl  group  of  UTP  to  the  Pj;j;  to  form  Pn'UMP. 
The  Pii'UMP,  together  with  ATase  catalyzes  phosphorolysis  of  the  GS-AMP  to  form 
ADP  and  active  glutamlne  synthetase.  All  steps  in  these  cascades  are  under 
strict  control  by  the  concentrations  and  ratios  of  various  metabolites, 
including  ATP,  UTP,  a-ketoglutarate ,  glutamlne.  Pi  and  divalent  cations  (Mn2+ 
and  Mg^"*") .   In  order  to  investigate  the  protein-protein  interactions  and  the 
mechanisms  of  metabolite  control  of  this  complex  system,  studies  are  directed 
toward  the  isolation  and  characterization  of  the  various  enzymes  Involved. 

(a)  The  adenylyltransferase.   Heretofore,  purified  ATase  has  been  unstable 
and  therefore  difficult  to  characterize.  A  new  procedure,  with  Mg2+  present 

in  all  steps  has  resulted,  after  a  2300-fold  purification,  in  a  stable  homog- 
eneous preparation.   The  enzyme  consists  of  a  single  polypeptide  chain  of 
115,000  *  5,000  M.W.   It  contains  35  tyrosyl  and  15  tryptophanyl  residues,  has 
a  specific  absorption  coefficient  at  280  nm  of  'v*  1.05  Ay'i'^   and  an  isoelectric 

point  of  4.9.   Binding  of  the  allosteric  effector,  glutamlne,  produces  enhance- 
ment and  a  red  shift  in  the  Intrinsic  fluorescence  spectrum  of  tryptophanyl 
residues  of  the  protein. 

(b)  The  Pii  Regulatory  Protein.  The  regulatory  prrtein  has  been  purified 
to  homogeniety  from  extracts  of  E^.  coll  and  Pseudomonas  putida.  It  has  a  M.W. 
of  44,000  and  is  composed  of  4  identical  subunits.  Conversion  of  Pija  to  Pud 
involves  the  attachment  of  a  urldylyl  group  from  UTP  in  phosphodlester  linkage  to 


the  phenolic  hydroxyl  group  of  one  of  two  tyrosyl  residues  on  each  subunit  of 
the  enzyme. 

(c)  The  urldylyltransf erase.   Instability  of  UTase  hindered  earlier  puri- 
fication efforts.   A  rapid  purification  method  involving  addition  of  10  mM  ATP 
at  critical  steps  has  resulted  in  nearly  homogenous  preparations.   The  highly 
purified  enzyme  exhibits  UR-activity  as  well  as  ATase  activity  suggesting  that 
both  activities  may  be  due  to  the  same  protein.   The  purified  E^.  coli  UTase-UR 
enzyme  will  catalyze  the  uridylylation  and  deuridylylation  of  the  Pji  protein 
from  Fs_.    putida,  suggesting  considerable  homology  between  E^.  coli  Pjj^  and 
Pseudomonas  Pn. 

B.   Regulation  of  Enzyme  Levels 

(a)  Changes  in  enzyme  levels  accompanying  the  transition  from  log  phase 

to  stationary  phase  of  growth.   Enzyme  levels  are  determined  by  the  steady  state 
rates  of  enzyme  synthesis  and  degradation.   Whereas  the  regulation  of  enzyme 
synthesis  in  eucaryotic  and  procaryotic  organisms  may  differ  significantly, 
available  evidence  indicates  that  the  regulation  of  enzyme  degradation  in  both 
kinds  of  organisms  is  either  similar  or  identical;  however,  the  mechanism  of 
degradation  is  poorly  understood.   In  an  effort  to  obtain  a  model  system  ideally 
suited  for  the  intensive  investigation  of  the  mechanism  of  specific  enzyme 
degradation,  changes  in  various  enzyme  activities  have  been  followed  during  the 
transition  of  E^.  coli  from  late  log  phase  growth  to  stationary  growth,  provoked 
by  either  carb  on  or  nitrogen  limitation.   Of  15  different  enzymes  studied  one- 
third  of  the  enzymes  increased  in  activity,  one- third  decreased  in  activity, 
and  one-third  were  unchanged;  however,  the  pattern  of  enzyme  changes  obtained  by 
carbon  limitation  was  different  from  that  induced  by  nitrogen  limitation.   Since 
the  threonine  regulated  aspartokinase  of  E^.  coli  exhibited  the  most  dramatic 
decrease  in  activity,  this  enzyme  has  been  selected  for  immediate  studies  on 
the  regulation  of  specific  enzyme  degradation. 

(b)  Effect  of  limiting  growth  conditions  and  the  steady  state  concentra- 
tions of  glutamine  synthetase  and  its  degree  of  adenylylation.   The  phsio- 
logical  significance  of  regulatory  mechanisms,  disclosed  by  in  vitro  studies, 
has  been  established  by  measuring  the  steady  state  levels  of  glutamine  synthetase 
and  its  state  of  adenylylation  under  well  defined  continuous  culture  conditions. 
In  general,  derepressed  levels  of  enzyme  are  obtained  under  conditions  of 
nitrogen  limitation  and  the  state  of  adenylylation  is  regulated  by  the  intra- 
cellular concentrations  and  ratios  of  a-ketoglutarate  and  glutamine.   However, 
addition  of  Mn2+  to  Mg2+-limited  cultures  results  in  rapid  deadenylylation  of 
the  enzymes  that  is  independent  of  the  a-ketoglutarate  and  glutamine  levels. 

Mechanisms  of  Enzyme  Action 

A.   Glutamine  Synthetase.   From  measurements  of  changes  in  the  intrinsic 
fluorescence  of  trypto^hanyl  residues  of  glutamine  synthetase,  it  has  been 
established  that  the  synthesis  of  glutamine  occurs  by  a  stepwise  mechanism  in 
which  ATP  and  glutamate  react  first  to  yield  or  reactive  intermediate,  which 
subsequently  reacts  with  NH3  to  form  glutamine.   The  results  contraindicate 
a  concerted  reaction  mechanism  suggested  by  the  kinetic  studies  of  other 


workers.  The  results  Is  consistent  with  data  obtained  in  Meister's  laboratory 
suggesting  that  glutanylphosphate  is  an  intermediate  in  the  reaction;  but  does 
not  exclude  the  possibility  that  the  reactive  intermediate  is  an  enzyme 
stabilized  transition  state  complex  between  glutamate  and  ATP. 

Because  glutaalne  synthetase  is  relatively  nonspecific  with  respect  to 
the  nucleoside  dl-  and  trl-phosphate  substrates  used  in  the  reversible 
synthesis  of  glutamine,  the  enzyme  possesses  apparent  nucleoside  diphospho- 
kinase  activity. 

XTP  +  YDP  -f—*    YTP  +  XDP 

i 

jThis  activity  is  dependent  upon  the  presence  of  glutamate,  glutamine  and  Pi 
and  is  markedly  affect«d  by  the  state  of  adenylylation  and  the  concentrations 
of  NH3,  Mn2+,  Mg2+  and  allosteric  effectors  of  the  enzyme.   The  possible 
I physiological  significance  of  the  reaction  is  xmder  investigation. 
i 

j     Physical-chemical  binding  data  and  data  derived  from  kinetic  studies  of 
jthe  Mn^"*"  activated  y-glutamyl transfer  reaction  catalyzed  by  unadenylylated 
I glutamine  synthetase  have  now  been  correlated  and  support  the  following 
I conclusions:   (1)  each  of  the  12  subunits  of  a  glutamine  synthetase  molecule 
{catalyzes  the  transfer  reaction;  (2)  a  subunit  is  not  catalytlcally.  active 
luntll  two  equivalents  of  Mn^"*"  are  bound  to  it;  (3)  bindl^  of  Mn2+  to  these 
Itwd  sites  on  a  subtmlt  is  random;  (4)  glutamine  Increaself  the  apparent 
jaffinlty  f<>r  Mn2+  binding  at  the  catalytic  site  without  affecting  the  binding 
o£  Ma^  to  the  tightening  site  which  induces  a  conformational  change  to  an 
active  configuration;  (5)  the  apparent  affinity  of  the  enzyme  for  glutamine 
'is  reciprocally  increaaed  by  Mn2+  binding;  and  (6)  once  Ifc^"*"  is  bound  to  the 
Itightening  site,  an  active  subunit  Mn2-ADP  complex  can  be  formed  either  by  a 
Isequential  reaction  with  free  Mn2+  and  free  ADP  or  by  reaction  directly  with 
JADF-%in.   Arsenate,  without  affecting  Mn2+  binding,  favors  the  second  route 
jeven  in  the  presence  of  excess  Mn2+.   These  results  reconcile  apparent 
jdlscrepancles  noted  earlier  between  catalytic  constants  derived  from  kinetic 
Imeasurements  and  the  stability  constants  for  Mn2+  and  ADP  derived  from  binding 
istudies  to  the  absence  of  other  substrates;  they  explain  also  the  slgmoldal 
|response  observed  between  catalytic  activity  and  increasing  concentrations  of 
iMn2+. 

I 

iMlcrotubules  in  Ciliary  Structure  and  Function. 

I     A.   Nucleotide-metabolizing  enzymes  in  cilia  and  flagella.   A  Ca2+ 
activated  ATPase,  two  adenylylate  kinases  of  differing  molecular  weight,  and 
a  nucleosldedlphosphate  kinase  (NDPK)  have  all  been  purified  and  separated 
from  the  energy  transducing  protein (s)  (dynen)  from  extracts  of  Chlamydomonas 
flagella.   The  stoichiometry,  nucleotide  specificity,  and  kinetic  constants 
with  different  substrates  have  been  determxned  for  reactions  catalyzed  by  the 
flagellar  NDPK  and  the  2  adenylate  kinases.   Kinetic  analysis  suggests  that 
ithe  NDPK  forms  a  phosphoenzyme  intermediate  and  is  more  specific  for  adenine 
land  guanine  nucleotides  than  are  enzymes  from  other  sources.   From  the  facts 
jthat  flagella  contain  high  concentrations  of  NDPK  and  that  guanine  nucleotides 
are  bound  to  the  tubulin  components  of  ciliary  organelles,  it  is  proposed 
that  the  NDPK  may  be  Involved  in  the  continuoiis  generation  of  GTP  during  the 
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polymerization  and  depolymerization  of  tubulin. 

Adenylate  kinase  presumably  functions  to  allow  complete  utilization  of 
ATP  energy  for  motility;  however,  an  additional  role  in  flagellar  assembly 
is  suggested  by  the  fact  that  the  level  of  the  highest  molecular  weight  species 
jf   adenylate  kinase  was  increased  in  newly  regulated  Chlamydomonas  flagella. 

The  Ca-ATPase  could  not  be  detected  in  extracts  of  cilia  from  Tetrahymena, 
suggesting  that  it  may  have  a  role  other  than  that  of  serving  as  an  auxiliary 
energy  transducing  system  for  motility. 

B .  Mutants  Resistant  to  Drugs  which  Inhibit  Microtubule  Assembly.   To 
facilitate  studies  on  the  mechanism  of  microtubule  assembly  and  fiinction, 
mutants  of  Chlamydomonas  that  are  resistant  to  inhibition  of  growth  and 
flagellar  regeneration  by  colchicine  have  been  isolated  (see  last  year's  report). 
Two  preliminary  observations  of  interest  are:   (a)  in  the  presence  of  caffeine 
some  colchicine  resistant  mutants  underwent  cyclic  synchronous  alterations 
between  motility  and  paralysis;  (b)  flagellar  regeneration  and  motility  were 
inhibited  by  calcium  +  EGTA  together  but  not  singly,  suggesting  that  similar 
effects  may  be  the  basis  of  regulating  intraf lagellar  calcium  concentration. 

C.  Mechanism  of  Polymerization  of  Cytoplasmic  Tub\ilin  from  Brain. 
Efforts  have  been  directed  to  determine  if  the  regeneration  of  GTP  by  the 
action  of  NDPK  is  essential  for  the  poljrmerization  of  brain  tubulin.   Brain 
NDPK  does  not  copolymer ize  with  tubulin,  however,  after  2  cycles  of  assembly 
with  20-fold  increase  in  specific  colchicine  binding  capacity,  the  NDPK 
specific  activity  was  decreased  to  1/200  of  the  crude  extract.   Both  dimer 
and  poljnner  were  able  to  bind  an  additional  0.7  mole  of  GTP  per  110,000  of 
protein.   The  polymer  did  not  bind  colchicine  but  retained  the  competence  to 
do  so  on  dissociation. 

Selenium-Dependent  Anaerobic  Electron  Transport  Reactions 

Identification  of  selenium  as  an  essential  component  of  clostridial 
glycine  reductase  and  of  formate  dehydrogenase  of  Methanococcus  vannielii 
provides  two  examples  of  specific  biological  catalysts  in  which  the  micro- 
nutrient,  selenium,  must  be  present.   Moreover,  the  reactions  catalyzed  by 
these  two  selenoprotein  enzyme  systems  both  involve  anaerobic  electron 
transport  processes.   The  selenoprotein  of  glycine  reductase  is  a  low-molecular 
weight  heat-stable  protein  that  readily  dissociates  from  the  soluble  higher 
molecular  weight  protein  subunits  of  the  enzyme  complex  whereas  the  selenium 
containing  subunit  of  formate  dehydrogenase  tends  to  remain  as  a  component  of 
the  intact  dehydrogenase  (M.W.   -  200,000).   Selenium  is  covalently  attached 
to  both  of  these  enzymes  in  the  form  of  an  organoselenium  compound (s). 
Structural  studies  carried  out  on  the  glycine  reductase  selenoprotein  indicate 
that  the  selenium  may  be  present  as  a  selenocysteine  residue  associated  with 
an  unidentified  chromophore  that  resembles  quinomes  of  the  menaquinone  series 
or  perhaps  the  selenium  is  attached  to  the  unidentified  chromophore  directly. 
Unusual  ultraviolet  absorption  and  fluorescence  emission  spectra  of  the 
selenoprotein  as  well  as  its  reactivity  with  alkylating  agents  support  some 
of  these  conclusions.   Mutant  strains  of  Clostridium  sticklandii  isolated 
originally  in  the  anaerobic  laboratory  have  remained  stable  and  those 


defective  in  glycine  reductase  activity  are  currently  being  used  to  further 
characterize  the  glycine  reductase  protein  and  cof actor  components.   The  glycine 
reductase  system  reconstituted  from  considerably  purified  individual  components 
is  similar  in  properties  to  the  unresolved  enzyme  preparations  characterized 
earlier  and  the  concomitant  phosphorylation  process  appears  to  be  preserved. 

Metabolism  of  Amino  Acids  and  Other  Organic  Nitrogen  Compounds 

A.  Bi2  Coenzyme  Dependent  Amino  Group  Migration  Reactions.   Reactions  of 
the  lysine  and  ornithine  fenoentations  that  require  both  a  B12  coenzyme  catalyst 
and  pyridoxalphosphate  involve  the  migration  of  a  terminal  amino  group  to  an 
adjacent  carbon  atom,  viz. 

L-3,6-dlamlnohexanoate  (L-6-lysine)  7 — >  3,5-diaminohexanoate 

D-2 ,6-dlaminohexanoate  (I>-a- lysine)  "^=fc-  2,5-diaminohexanoate 

D-2,5-diaminopentanoate  (D-omithine) -?=i_  2,4-diaminopentanoate 

Continued  studies  on  the  subunit  structures  of  these  mutases  reveal  that  they 
possess  tn  common  one  low  molecular  weight  subunit  (about  12,000  M.W. )  which, 
in  the  case  of  the  lysine  mutases,  carries  the  pyridoxal  phosphate.  Larger 
molecular  weight  subunlts  of  these  enzymes  contain  the  B12  coenzyme  binding 
sites.  Another  enzyme  which  catalyzes  the  initial  step  in  the  anaerobic 
fermentation  of  leucine  by  Clostridium  sporogenes  appears:  also  to  require  B12 
coenzyme.   In  this  case  the  a-amino  group  migrates  to  form  a  new  amino  acid, 
P-leucine,  which  next  is  deamlnated  to  form  3-ketolsocaproic  acid.   In  the 
lysine  fermentation  the  analogous  migration  of  the  a-amino  group  of  lysine  to 
form  g-lysine  is  catalyzed  by  a  ferrous  iron  and  pyridoxal  phosphate  dependent 
mutase  rather  than  by  a  Bl2-coenzyme  dependent  enzyme. 

B.  g-Methylene  Glutarate  Mutase.   In  the  anaerobic  decomposition  of 
nicotinic  acid  a  B12  coenzyme  mutase  participates  in  the  overall  process  after 
the  nitrogen  is  cleaved  from  an  earlier  intermediate.  The  B12  catalyst  in  this 
case  serves  as  hydrogen  carrier  in  a  reaction  involving  cleavage  of  a  carbon- 
carbon  bond  of  a-methylene  glutarate  and  rearrangement  to  form  methylitaconic 
acid.  To  investigate  the  mechanism  of  this  reaction  and  to  elucidate  the 
precise  role  of  the  B12  coenzyme,  studies  on  the  stereochemistry  of  the  con- 
version of  substrate  Co  product  are  in  progress.   To  this  end,  methods  have 
been  devised  to  label  the  methylene  group  at  position  four  of  a-methylene 
glutarate  with  deuterium  and  with  tritium  in  order  to  follow  their  fates  during 
the  enzymic  reaction. 

Catllytlc  Roles  of  Quinones  and  Various  Trace  Metals 

An  unusual  quinone-dependent  phosphatase  from  Clostridium  sticklandii 
hydrolyzes  p-nitrophenylphosphate  but  neither  its  normal  catalytic  role  nor 
its  natural  substrate  is  known.   The  protein  is  rich  in  non-polar  amino  acid 
residues,  yiz.  leucine,  isoleucine  and  valine  which  suggests  that  these  may 
furnish  a  hydrophobic  region  or  regions  to  which  the  non-polar  quinone  cof actor 
can  bind.   The  acidic  character  os  the  protein  is  due  to  a  larga  number  of 
aspartlc  acid  and  glutamic  acid  residues.   One  or  more  sulfhydryl  groups  on 
the  protein  is  (are)  essential  for  catalytic  activity  as  Judged  by  sensitivity  of 


...  kinzyme  to  alkylating  agents  and  the  requirement  for  an  added  dithlol 
compound  for  the  catalytic  reaction.   Preliminary  indications  that  a  quinone 
chromophore  is  associated  with  the  selenoprotein  of  C^.  sticklandii  glycine 
reductase  suggests  that  the  phosphatase  normally  may  interact  with  this  ATP- 
forming  reductase  system. 

Formate  dehydrogenase  which  serves  as  an  electron  donor  system  both  for 
the  formate-fermenting  methane  organism,  Methanococcus  vanielli,  and  also  for 
C^.  sticklandii  is  a  complex  enzjrme  catalyst  that  contains  a  number  of  trace 
elements  that  are  required  for  activity.   As  mentioned  above,  the  trace  element 
selenium  is  one  of  these  and  there  is  indirect  evidence  that  molybdenum,  iron 
and  inorganic  sulfur  are  also  essential.   Thus  this  type  of  enzyme  catalyst 
serves  as  useful  experimental  material  for  investigation  of  the  precise  bio- 
logical roles  of  several  metals  and  other  trace  elements  that  are  essential 
nutrients  for  all  living  things.   The  unusual  ability  of  the  methane  organism 
to  tolerate  high  levels  of  tungsten  and  in  fact  to  exhibit  an  increased  rate 
of  growth  in  response  to  added  tungstate  suggests  that  this  system  will  be 
useful  for  investigation  of  the  interrelationship  between  molybdenum  and 
tungsten  in  biological  oxidation-reduction  reactions. 
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Project  Description: 

Objectives:   In  addition  to  regulation  by  cumulative  feedback  inhibition, 
glutamine  synthetase  from  E.    coll  W  is  regulated  by  the  covalent  attachment 
of  an  AMP  moiety  to  a  tyrosyl  residue  in  each  of  the  enzyme  subunits.   The 
attachment  and  removal  of  the  AMP  is  catalyzed  by  an  enzyme  knovm  as 
adenylyltransf erase  (ATase) .   The  activity  of  ATase  is  modulated,  however, 
by  a  second  protein,  Pn,  which  exists  in  2  forms.  PiiA  and  Pud  promote 
adenylylating  activity  and  deadenylylating  activity  of  the  ATase,  respectively. 
PlIA  is  converted  to  Pud  by  the  covalent  attachment  of  a  UMP  group  to  a 
tyrosine  in  each  of  its  subunits.   The  Interconversion  of  Piia  and  Pud  is 
catalyzed  by  the  uridylyltranaf erase  and  uridylyl-removlng  enzyme(s). 

iMajor  Findings: 

Our  studies  have  been  directed  towards  the  purification  and  character- 
ization of  the  uridylyl-removlng  uridylyltransferase  enzyme(s)  from  E^.  coli  W. 
Partial  purification  of  the  protein  has  been  effected  using  DEAE  cellulose 
chromatography,  ammonium  sulfate  fractionation,  and  chromatography  on  a 
hydrophobic  agarose  column.   Subsequent  to  the  hydrophobic  column,  however, 
considerable  difficulty  was  experienced  In  stabilizing  the  enzyme.  A  rapid 
purification  method  has  been  developed  to  minimize  the  exposure  time  of  the 
protein  to  the  column  matrices  and  possible  denaturation  due  to  low  protein 
concentrations.   Of  many  compounds  tested,  only  ATP  at  a  concentration  of 
approximately  10  mM  seemed  to  provide  prot action  against  inactivation.   In  the 
presence  of  ATP  the  enzjone  is  stable  to  freezing  and  can  be  maintained  at  0-4° 
for  several  weeks.   The  uridylyltransferase  is  completely  inactivated  by 
parachloromercuriphenyl  sulfonate,  but  not  by  iodoacetamida  or  lodoacetic  acid. 
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Following  electrophoresis  on  polyacrylamide  gels  at  pH  7.2,  the 
nridylyltransferase  activity  can  be  recovered  and  this  activity  can  be 
uo  related  with  a  specific  protein  band  on  stained  gels. 

The  E^.  coli  W  uridylyl-removing  enzyme  and  uridylyltransf erase  can  use 
as  substrate  the  Pji  isolated  from  Pseudomonas  putida  suggesting  considerable 
homology  between  E^.  coli  W  Pji  and  the  Pseudomonas  Pjj  at  least  in  the 
environment  of  the  uridylylated  tyrosine.   The  uridylyltransferase  and 
uridylyl-removing  enzyme  have  co-purified  thus  far,  but  proof  that  the  2 
activities  reside  in  the  same  protein  requires  further  studies. 

Proposed  Course  of  Project: 

The  enzyme  (s)  will  be  further  purified  using  a  variety  of  techniques 
including  gel  filtration,  preparative  electrophoresis,  organic  extraction, 
and  affinity  chromatography.   Molecular  weight  determinations  of  the  enzyme (s) 
and  its  respective  subunits  will  be  determined.   Careful  evaluation  of  the 
properties  of  the  protein(s)  will  be  made  to  determine  whether  or  not  modu- 
lation of  activity  is  due  solely  to  direct  metabolite  control  or  if  this 
protein(s)  is  subject  to  covalent  modification  as  well.   The  ultimate  goal  is 
to  purify  adequate  amounts  of  this  enzyme  to  carefully  study  its  regulatory 
properties  in  the  presence  of  various  metabolite  and  effectors.   These  studies 
will  be  done  in  conjunction  with  the  other  enzymes  involved  in  the  cascade 
regulation  of  glut amine  synthetase  activity  in  order  to  better  understand  the 
fine  control  of  this  regulatory  system  in  vivo. 
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Project  Description: 

Objectives:   Regulation  of  enzyme  levels  is  an  important  mechanism  in  regulation 
of  metabolism.   The  concentration  of  any  given  enzyme  is  determined  by  the 
relative  rates  of  de  novo  synthesis  and  enzyme  degradation.   The  de  novo 
synthesis  of  enzymes  in  eucaryotic  cells  is  under  strict  hormonal  control; 
whereas  the  synthesis  in  procaryotic  cells  is  regulated  by  variations  in 
;aetcd>olites  (substrates).   However,  the  mechanism  of  enzyme  degradation  is 
jelther  similar  or  identical  in  both  cell  types  since  in  both  cases  degradation 
;l8  inhibited  by  inhibitors  of  RNA  synthesis  and  of  oxidative  phosphorylation. 
In  view  of  the  fact  that  the  degradation  of  specific  enzymes  in  bacteria  is 
elicited  by  the  transition  from  log  phase  growth  to  stationary  phase  growth, 
the  present  study  was  undertaken  to  explore  the  changes  in  enzyme  levels 
acco]iq>anylng  the  growth  phase  changes  in  Escherichia  coll  provoked  by  limitation 
of  essential  nutrients  (viz ,  by  limitation  of  the  carbon  on  nitrogen  source) . 
Those  enzymes  that  tindergo  a  rapid  decrease  in  activity  when  in  the  stationary 
phase  will  be  selected  for  detailed  studies  on  the  biochemical  mechanism  of 
enzyme  degradation  and  the  factors  that  regulate  It. 

Major  Findings: 

Of  15  different  enzymes  examined,  the  activity  of  glut amine  synthetase, 
acetate  kinase,  pyruvate  dehydrogenase,  super  oxide  dismutase  and  phospho- 
transacetylase  all  increased  following  the  transition  from  log  phase  to 
stationary  phase  of  growth  induced  by  nitrogen-limitation.   In  contrast,  the 
activities  of  glutamate  synthase,  glutamate  dehydrogenase,  the  threonine- 
sensltive  aspartoklnase  and  DPNH  oxidase  declined;  whereas  the  activities  of 
the  lysine-sensitive  aspartoklnase,  aldolase  and  TPNH  oxidase  were  unchanged. 
Traasltlons  provoked  by  carbon  (glucose)  limitation  led  to  an  increase  in 
activities  of  glutamine  synthetase,  acetate  kinase,  threonine-sensltive 
aspartoklnase  and  to  a  decrease  in  the  activities  of  phosphotransacetylase, 
the  lysine-sensitive  aspartoklnase,  and  both  TPNH  and  DPNH  oxidases,  but  did 
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not  affect  the  other  enzymes  tested. 

Relevance  to  Biomedical  Research: 

Almost  nothing  is  known  about  the  mechanism  of  specific  enzyme  degradation 
which  is  of  major  importance  in  nutritional  disorders  and  probably  also  in 
other  metabolic  diseases  and  in  aging.   This  study  is  preliminary  to  the 
selection  of  a  good  system  that  will  serve  as  a  model  to  explore  the  mechanisms 
that  underlie  regulation  of  protein  degradation. 

Proposed  Course  of  Action: 

The  threonine-sensitive  aspartokinase  of  E^.  coli  has  been  selected  for 
further  immediate  studies  on  enzyme  degradation.   To  determine  if  the  decline 
in  activity  in  stationary  cultures  is  due  to  inactivation  or  to  degradation, 
the  effects  of  inhibitors  of  RNA  synthesis,  protein  synthesis,  proteolytic 
enzjnnes  and  oxidative  phosphorylation  will  be  examined.   In  addition,  antibodies 
to  the  enzyme  will  be  used  to  determine  if  the  loss  in  activity  is  accompanied 
by  the  production  of  cross-reactive  material. 
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Cooperating  Units:  None 

Project  Description: 

Objectives:  (A.)   To  Investigate  the  capacity  of  various  nucleoside  mono-  and 
di-phosphates  to  support  ygl^tamyltransfer  activity  of  adenylylated  and 
unadenylylated  forms  of  E.   coll  glutamlne  synthetase.   (See  also  the  Annual 
Report  of  P.  B.  Chock).   (B)  To  determine  if  cumulative  feedback  Inhibition 
of  glutamlne  synthetase  by  multiple  and  products  of  glutamlne  metabolism  is 
achieved  by  reactions  at  a  common  allosteric  site  on  the  enzyme  or  is  due  to 
reactions  at  multiple  sites.   (C)  To  obtain  catalytic  constants  derived  from 
kinetic  studies  for  comparison  with  the  stability  constants  obtained  by 
Hunt  and  Glnsburg  (see   their  Annual  Report)  derived  from  physical-chemical 
binding  measurements. 

Hajor  Findings: 

CA)  Nucleotide  specificity  of  glutamlne  synthetase.   The  capacity  of 
glutamlne  synthetase  to  utilize  nucleosldemonophosphates  (MP's)  and  nucleo- 
sldediphosphates  (DP's)  as  catalytic  substrates  in  the  Y-gl^tamyltransfer 
reaction  is  a  function  of  both  the  state  of  adenylylation  and  the  kind  of 
divalent  cation  used  to  activate  the  enzyme.   In  the  presence  of  Mn^"*",  all 
purine  and  pyrlmidine  MP's  and  DP's  will  support  activity  of  the  unadenylylated 
enzyme.  With  the  DP's  the  order  of  effectiveness  is  GDP  >  ADP  >  IDP  >  CDP-= 
UDP:  the  order  with  MP's  is  GMP  >  AMP  >  IMP  >  CMP  >  UMP.   in  the  presence  of 
Mg2"»"  none  of  the  MP's  will  support  activity;  GDP  and  ADP  are  about  60%  as 
effective  as  in  the  presence  of  Mn2+,  whereas  CDP  and  UDP  are  very  poor 
substrates.   In  contrast  only  the  purine  nucleosidediphosphates  (ADP  >  GDP 
>  IDP)  will  support  activity  of  the  adenylylated  enzjnne,  and  then  only  in 
the  presence  of  Mn2+.   From  the  lack  of  nucleoside  diphosphate  substrate 
specificity  for  unadenylylated  enzyme  it  is  apparent  that  by  catalysis  of  the 
forward  and  reverse  reactions  (reactions  1  and  2)  glutamlne  synthetase  exhibits 
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apparent  nucleoside  diphosphate  kinase  activity  (reaction  3) 

ATP  +  NH3  +  glutamate >  glutamine  +  PI  +  ADP  (1) 

Glutamine  +  PI  +  XDP *   XTP  +  glutamate  +  NH3  (2) 

Sum:  ATP  +  XDP  < >     XTP  (3) 

This  prediction  has  been  verified  and  studies  to  determine  the  physiological 
significance  of  the  apparent  transphosphorylation  reaction  are  in  progress. 

(B)  Mechanism  of  cumulative  feedback  inhibition.   When  an  enzyme  is 
Inhibited  by  two  different  compounds,  Cleland  has  pointed  out  (in  "The  Enzymes", 
Vol.  II,  pp.  1-65)  that  from  measurements  of  enzyme  activity  as  a  function 

of  increasing  concentrations  of  one  inhibitor  (I^)  in  the  presence  of  the  other 
(I2),  it  is  possible  to  determine  if  the  two  inhibitors  compete  with  one 
another  for  a  common  site  or  if  they  react  at  separate  sites  on  the  enzyme. 
When  both  inhibitors  react  at  the  same  site,  plots  of  1/v  vs^  the  Ii  concen- 
tration yield  parallel  lines  for  data  in  the  presence  and  absence  of  I2, 
whereas  an  Intersecting  pattern  is  obtained  if  the  inhibitors  react  at 
different  sites.   Using  these  criteria,  it  was  established  that  the  feedback 
inhibitors,  alanine,  glycine  and  serine,  all  react  at  the  same  site  on 
glutamine  synthetase;  whereas  AMP,  ATP,  CTP,  tryptophan  and  hlstidine  all 
teact  at  different  sites. 

Based  on  Cleland 's  theoretical  analysis,  we  have  developed  a  graphical 
procedure  which  permits  rapid  calculation  of  the  magnitudes  of  the  cumulative 
effects  that  arise  from  the  interaction  of  two  or  more  inhibitors  at  a  common 
site  on  the  one  hand  and  at  different  sites  on  the  other.   The  data  show  that 
these  two  mechanisms  yield  similar  cumulative  effects  when  the  concentrations 
of  each  of  two  inhibitors  used  produced  only  10-20%  inhibition.   However,  by 
increasing  either  the  concentration  of  the  two  inhibitors  or  the  number  of 
inhibitors  the  cumulative  response  obtained  by  the  common  site  mechanism  is 
sitnificantly  lower  than  that  obtained  by  independent  site  reactions.   The 
data  obtained  with  glutamine  synthetase  indicate  that  both  mechanisms  con- 
tribute to  the  cumulative  effects  obtained  in  the  presence  of  multiple  feed- 
back inhibitors. 

(C)  Comparison  of  catalytic  constants  with  stability  constants.   Catalytic 
constants  derived  from  extensive  kinetic  studies  on  the  ygliitamyltransf er 
reaction  catalyzed  by  glutamine  synthetase  are  in  accord  with  stability 
constants  derived  from  physical-chemical  binding  measurements.   These  results 
are  summarized  in  phe  project  report  of  A.  Glnsburg  and  J.  B.  Hung. 

Relevance  to  Biomedical  Research: 

Defects  in  the  ability  to  regulate  metabolic  processes  are  the  basis  of 
certain  metabolic  diseases  (viz,  hypercholesterolemia)  and  are  probable 
causes  of  many  other  abnormalities  such  as  cancer  and  aging.   An  xinderstanding 
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of  basic  principles  concerned  with  cellular  regulation  of  metabolism  is 
essential  to  logical  approaches  to  investigate  the  contributions  of 
regulatory  defects  to  various  disease  states.   Because  of  its  key  role  in 
nitrogen  metabolism  glutamlne  synthetase  offers  an  excellent  opportxinity  to 
elucidate  principles  involved  in  the  regulation  of  multifunctional  steps  in 
{metabolism. 

Proposed  Course  of  Action: 

Efforts  to  deteinnine  the  physiological  importance  of  the  apparent 
nucleosidediphosphate  kinase  activity  of  glutamlne  synthetase  will  be 
continued.   The  effects  of  adenylylation,  divalent  cations  and  allosteric 
effectors  on  this  activity  will  be  investigated. 

Studies  on  the  mechanism  of  cumulative  feedback  control  gf  glutamine 
synthetase  will  be  extended  with  special  emphasis  on  the  effects  of  nucleo- 
sidetriphosphates  on  the  y-glutamyltransferase  activity. 

Publications : 

1.  Stadtman,  E,  R.  and  Ginsburg,  A.:  The  glutamine  synthetase  of  Escherichia 
eoli ;  Structure  and  control.   In  Boyer,  P.  D.  (ed.):  The  Enzymes,  3rd  edition 
Vol.  X.  New  York,  Academic  Press,  1973,  pp.  755-807. 

2.  Tronick,  S.,  Ciardl,  J.  E. ,  and  Stadtman,  E.  R. :  Comparative  biochemical 
and  immunological  studies  of  bacterial  glutamlne  synthetases.   J.  Bacteriol. 
115:  858-868,  1973. 

3.  Ciardi,  J.  E. ,  Cimino,  F. ,  and  Stadtman,  E.  R. :  Multiple  forms  of 
glutamine  synthetase.  Hybrid  formation  of  association  of  adenylylated  and 
unadenylylated  subunits.   Biochemistry  12:  4321-4330,  1973. 

4.  Hiller,  R.  E.,  Shelton,  E. ,  and  Stadtman,  E.  R. :   Zinc-induced  para- 
crystalline  aggregation  of  glutamlne  synthetase.  Arch.  Blochem.  Blophys. 
(In  Press) 

5.  Ginsburg,  A.  and  Stadtman,  E.  R. :  Glutamine  synthetase  of  Escherichia 
coli:  Structure  and  Regulation.   In  Ebner,  K.  E.  (ed.):  Subiinit  Enzymes: 
Biochemistry  and  Function.  New  York,  Hv'fiekker,  Inc.,  1974  (In  Press). 
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Project  Description: 

Objectives:   The  catabolism  of  the  branched-chain  amino  acids,  leucine, 
isoleucine,  and  valine,  is  incompletely  understood.   Catabolic  pathways  have 
been  outlined  in  bovine  and  rat  liver  and  one  or  two  enzymes  have  been 
partially  purified  and  studied.   Certain  inborn  errors  of  metabolism  have  been 
described  which  implicate  faulty  catabolism  of  these  amino  acids;  chief  among 
these  are  maple  syrup  disease  and  isovaleric  acidemia.   These  amino  acids  have 
been  shown  to  participate  in  the  Stickland  reaction  and  many  organisms  are 
capable  of  fermenting  these  compounds  in  Stickland  pairs.   Until  recently,  a 
fermentation  in  which  one  of  these  amino  acids  serves  both  as  the  carbon  and 
energy  source  had  not  been  described.   Several  strains  of  organisms  have  been 
isolated  which  grow  on  leucine  in  a  single  amino  acid  fermentation.   The 
objectives  of  this  project  are  to  establish  the  fermentation  pathways  of 
leucine  and  the  other  branched-chain  amino  acids  in  these  organisms  and  to 
examine  the  enzymes  responsible  for  the  various  metabolic  steps  in  these 
fermentations . 

Major  Findings: 

As  reported  previously,  the  organisms  that  ferment  leucine  are  Clostridium 
sphenoldes  and  Clostridium  sporogenes.   All  investigations  have  been  made  on 
the  latter  organism. 

When  cells  or  extracts  of  cells  are  incubated  with  L-leucine  several 
metabolic  products  are  formed  that  are  consistent  with  the  catabolic  pathway 
believed  to  function  in  mammals.   The  production  of  isobutyric  acid,  however, 
could  not  be  explained  on  the  basis  of  the  mammalian  pathway,  for  it  does  not 
arise  in  any  direct  fashion  from  leucine.   A  possible  pathway  of  catabolism 
of  leucine  that  could  produce  isobutyrate  invokes  the  presence  of  a  mutase 
which  shifts  the  amino  group  from  carbon-2  (a-leucine)  to  carbon-3  C3-leucine). 
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Transamination  or  deanlnation  of  3-leuclne  followed  by  cleavage  could  yield 
acetate  and  isobutyrate. 

When  3-leucine  in  incubated  with  whole  cells,  there  is  a  substrate- 
dependent  production  of  acetate.   Likewise,  when  6-ketoisocaproate,  the  6-keto 
analog  of  8-leuclne,  is  incubated  with  cell-free  extracts  there  is  a  production 
of  acetate.  Moreover,  when  uniformly  labelled  L-a-leucine  was  incubated  with 
cell-free  extracts  in  the  presence  of  a  pool  of  unlabelled  6-keto  Isocaproate 
it  was  possible  to  Isolate  radioactivity  in  the  3-keto  pool.   The  2,4-dinitro- 
phenylhydrazone  of  g-ketoisocaproate  decarboxylates  during  preparation  and  the 
derivative  prepared  from  the  incubation  was  crystallized  to  constant  specific 
radioactivity  and  shown  to  be  identical  with  the  authentic  material  prepared 
from  non-radioactive  3-ketoisocaproate. 

It  has  been  difficult  to  demonstrate  the  existence  of  the  leucine  mutase 
necessary  for  the  production  of  3-leucine.   This,  in  great  part,  has  been  due 
to  the  difficulty  in  measuring  3-leucine.   In  an  effort  to  follow  the  reverse 
reaction,  extracts  were  incubated  with  DL-3-leucine  and  it  was  possible  to 
demonstrate  the  substrate-dependent  production  of  nlnhydrin-reactive  material. 
An  even  more  striking  finding  was  the  observation  that  the  production  of 
nlnhydrin-reactive  material  was  strongly  inhibited  by  the  presence  of  intrinsic 
factor  thereby  implicating  a  8^2  cofactor  in  the  mutase  reaction. 

Thus  it  has  been  possible  to  obtain  evidence  consistent  with  the  existence 
of  this  catabollc  pathway  for  leucine: 

leucine — >  3-leuclne >  3-ketoisocaproate v  acetate  +  isobutyrate 

Proposed  Course  of  Action: 

The  leucine  mutase  will  be  purified  and  characterized.   The  nature  of  the 
Bl2  Involvement  will  be  examined.   The  other  possible  cofactor  requirements 
will  be  established.   The  3-leucine  deaminase  will  be  examined  and  the  fate  of 
the  nitrogen  will  be  established.   The  3-ketolsocaproate  cleavage  enzyme  will 
be  examined  and  its  cof actors  established. 

Relevance  to  Biomedical  Research: 

This  study  Impinges  on  at  least  two  areas  of  medical  concern,  1)  the  mode 
of  action  of  vitamin  £3^2  ^^  ^^^   metabolic  roles  and  2)  the  means  by  which 
organisms  catabolize  food  materials.   This  second  area  is  directly  concerned 
with  several  inborn  errors  of  metabolism  that  have  been  shown  to  be  devastating 
to  the  well-being  of  humans ,  especially  in  the  case  of  maple  syrup  urine 
disease,  isovaleric  acidemia,  and  disorders  of  the  catabolism  of  short-chain 
acids.   The  mode  of  action  of  B12  is  impt  rf ectly  understood  but  its  importance 
in  hematopoiesls  and  in  the  maintenance  of  proper  neurological  function  is 
exemplified  in  the  disease  of  its  metabolic  deficiency,  pernicious  anemia. 
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Project  Description: 

Objectives:   1)  To  isolate  and  characterize  biochemically,  mutants  in  which 
the  activity  of  glutamine  synthetase,  glutamate  synthase  or  glutamate  dehydro- 
genase is  affected.   These  would  include,  as  well  as  structural  gene  mutations, 
cases  in  which  the  pattern  of  regulation  of  any  of  these  enzymes  may  be  altered. 
2)  To  conduct  genetic  experiments  for  the  purpose  of  locating  these  mutations 
on  the  E.  coli  chromosomal  map  and  to  prepare  and  assemble  all  auxotrophs, 
episomal,  and  Hfr  strains  and  bacteriophage  necessary  for  these  studies.   3)  To 
study  the  growth  of  various  mutant  types  under  defined  conditions  in  order  to 
elucidate  the  physiological  inter-relationship  of  the  NH3-assimilatory  enzymes 
in  E.  coli. 

Major  Findings: 

1.   Efforts  to  isolate  constitutive  mutations  for  glutamine  synthetase 
have  continued.   Conventional  screening  methods  were  unsuccessful  due  to  lack 
of  a  suitable  method  for  limitation  of  NH3  on  agar  plates  thereby  eliminating 
the  possibility  of  differentiating,  on  the  basis  of  colony  size,  mutants 
where  maximal  derepression  is  increased.   Alternatively,  examination  of 
numerous  drug  resistant  isolates  have  not  as  yet  yielded  any  classical  consti- 
tutive types  i.e.  independent  of  NHo  control. 

In  the  absence  of  a  workable  positive-selection  procedure,  effort  was 
directed  toward  analysis  of  revertants  of  the  glutamine  synthetase-minus 
mutants  previously  isolated  here.   It  has  been  suggested  (Magasanik  e_t  £l. , 
1974)  that  glutamine  synthetase  enzyme  per  se  is  somehow  involved  in  regulating 
its  own  synthesis.  With  a  view  toward  examining  this  hypothesis,  a  number  of 
DES-induced  revertants  to  glutamine- independent  growth  have  been  isolated  from 
gin  67  and  are  being  examined  in  several  ways.   In  order  to  demonstrate  any 
regulatory  aberration  each  individual  revertant  must  be  grown  under  defined 
conditions  which  yield  characteristically  repressed  or  derepressed  glutamine 
synthetase  with  high  or  low  n   values  respectively.   Cells  from  each  culture 
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condition  must  then  be  extracted  and  glutamine  synthetase  activity  measured  in 
at  least  3  assay  systems.   In  one  group  of  6  revertants  under  consideration, 
the  restored  glutamine  synthetase  activity  differed  from  the  original  parent 
controls.   Each  of  the  revertant  enzymes  showed  a  decrease  in  thermostability 
at  60°  C  relative  to  the  wild  type.   Of  this  group,  2  demonstrated  an  altered 
derepression  when  grown  with  glutamate  as  the  sole  N  source.   One  completely 
failed  to  derepress  while  the  other  showed  a  partial  derepression,  approxi- 
mately 30-40%  that  of  wild  type.  Assays  for  n  values  showed  these  to  be 
similar  for  all  and  appropriate  for  the  culture  conditions.   These  strains 
have  also  been  grown  on  low  NH4CI  for  observation  of  NH3-N  limited  derepression 
and  have  yet  to  be  assayed.   The  revertant  which  failed  to  derepress  glutamine 
synthetase  on  glutamate-N  limitation  showed  an  impaired  growth  rate  on  5  mM 
NH^Cl.   The  others  had  growth  rates  equivalent  to  wild-type. 

Early  indications  are  that  altered  glutamine  synthetase  enzyme  protein 
can  give  rise  to  a  concommitant  regulatory  alteration  with  release,  in  the 
negative  sense,  from  NH3  control.   This  approach  might  also  yield  an  altered 
enzyme  revertant  with  stepped-up  synthesis  which  would  be  useful  in  charac- 
terizing the  mechanism  of  NH3  limited  derepression. 

2,  Analysis  of  revertants  indicates  that  the  gin  locus  is  in  the 
structural  gene  for  glutamine  synthetase.   The  heat  stability  technique  will 
also  be  applied  to  revertants  of  the  other  gin"  mutants  In  hand  in  order  to 
determine  whether  any  other  closely  linked  regulatory  locus  is  Involved  which 
has  not  as  yet  been  resolved  by  transduction  techniques.  All  the  gin"  mutants 
Isolated  so  far  map,  by  transduction,  at  the  same  location  on  the  E^  coll 
chromosome  showing  linkage  to  met  E  (13-18%)  and  to  rifamycin  (40%).   Recom- 
bination can  be  demonstrated  between  the  independent  Isolates  of  the  gin" 
group.  Also,  no  abortive  transductants  have  been  observed  for  these  crosses, 
which  suggests  that  the  structural  gene  may  be  comprised  of  a  single  clstron 
specifying  Identical  subunits  for  the  dodecamerlc  enzyme. 

Further  genetic  analysis  with  CBlOO  shows  GAT  locus  to  be  covered  by 
F'108  and  not  F'116,  thereby  locating  it  between  50-55'  on  the  chromosomal 
map.   The  CBlOO  GAT"  lesion  is  also  suppressible  by  sup  E22. 

3.  So  far,  growth  studies  comparing  the  synthase  minus  and  dehydrogenase 
minus  mutants'  ability  to  utilize  NH^Cl  for  growth  have  been  confused  by  their 
ability  to  enrich  for  NH3  by  deamlnatlng  the  amino  acids  present  in  the  culture 
medium.   The  tedious  work  of  selectively  eliminating  the  amino  acid  require- 
ments by  specific  transduction  and  by  selection  of  revertants  to  prototrophy 

is  in  progress. 

Proposed  Course  of  Project: 

Genetic  studies  to  refine  the  chromosomal  locations  of  the  genes  for 
glutamine  synthetase,  glutamate  S5mthase  and  glutamate  dehydrogenase  will 
continue.  Work  on  discriminating  a  phenotype  for  classes  of  possible 
regulatory  type  mutations  will  also  continue.   In  addition,  isolation  of 
glutamine  synthetase  minus  mutants  by  other  selection  procedures  is  planned 
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to  yield  gin"  phenotypes  which  may  contain  mutations  affecting,  but  not 
located  in,  the  structural  gene.   Analysis  of  revertants  will  continue. 

Growth  studies  to  determine  the  physiological  inter-relationships  of  the 
NHo-assimilatory  enzymes  are  planned  upon  construction  of  the  appropriate 
strains. 

Reference: 

Magasanik,  B.  et.  al . ;  Advances  in  Enzyme  Regulation,  Academic  Press,  New  York, 
(1974). 
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Project  Title:  Microtubules  in  Ciliary  Structure  and  Function 

1.  Nucleotlde-metabollzing  enzymes  in  cilia  and  flagella 

2.  Chlamydomonas  mutants  resistant  to  drugs  which  inhibit 
microtubule  assembly  or  function 

3.  Mechanism  of  polymerization  of  cytoplasmic  tubulin  from 
brain 

I  Previous  Serial  Number:  NHLI-153 

I  Principal  Investigators :  Martin  Flavin 

Takehlko  Watanabe 

Other  Investigators :  None 

Cooperating  Units:  None 

Project  Description: 

Objectives:   The  synchronous  motion  of  epithelial  cilia  constantly  clears  the 
respiratory  tract  of  Inhaled  particles.   In  eukaryotlc  microorganisms,  which 
are  not  immobilized  by  junctions  with  other  cells,  the  same  motions  of  cilia 
or  flagella  fimction  to  propel  the  cells.   The  most  conspicuous  structure 
in  all  these  organelles  is  a  circle  of  9  outer  doublet  microtubules  surrounding 
a  central  pair  of  singlet  tubules.  All  microtubules  are  composed  of  equal 
amounts  of  2  similar  polypeptides  (tubulins)  of  molecular  weight  55,000. 
Arms  extending  from  each  outer  doublet  towards  the  next  contain  energy  trans- 
I ducing  protein(s)  (dynein)  which  can  be  solublllzed  as  heterogeneous  ATPases 
composed  of  very  large  (500,000  dalton)  polypeptide  chains.   Cilia  also  contain 
free  ATP  and  guanine  nucleotides  bound  to  micro tub iiles;  2  molecules  are  also 
bound  to  each  dimeric  (molecular  weight  110,000)  microtubule  precursor. 
Besides  dynein,  we  have  identified  3  other  nucleotlde-metabollzing  enzymes 
In  Chlamydomonas  flagella:  adenylate  kinase,  nucleoside  dlphosphoklnase 
(NDPK) ,  and  a  calcium  activated,  low  molecular  weight  ATPase.   Our  objective 
Is  to  determine  where  these  enzymes  are  localized,  and  what  they  are  there  for. 

Chlamydomonas  reinhardtil ,  a  blf lagellate  alga,  is  particularly  useful 
because  it  is  susceptible  to  genetic  analysis.  At  least  18  genes  have 
previously  been  identified  mutation  in  which  results  in  r aralysis  or  other 
abnormality  of  flagellar  function.   Genetics  can  also  be  useful  in  studying 
flagellar  structure.   Several  unrelated  complex  natiral  products  (colchicine, 
podophyllotoxln,  vlnblastin)  bind  specifically  to  the  tubulin  dimer  and 
prevent  normal  polymerization  to  microtubules.  Mutants  which  we  isolated 
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last  year  as  resistant  to  one  of  these,  and  which  in  some  cases  were  cross- 
resistant  or  hypersensitive  to  one  of  the  other  ligands,  are  promising 
candidates  to  have  alterations  of  amino  acid  sequence  in  tubulin. 

In  eukaryotes  singlet  microtubules  are  also  found  in  the  mitotic  spindle 
of  the  nucleus,  and  in  various  locations  in  the  cytoplasm.   The  great 
abundance  of  microtubules  in  train  seems  most  unequivocally  related  to  the 
asymetry  of  nerve  cells,  where  the  domain  of  the  cell  processes  may  be  1000 
times  that  of  the  cell  body.   Extracted  brain  tubulin  has  recently  been  shown 
to  polymerize  normally  on  warming  in  the  presence  of  GTP,  and  absence  of 
calcium.   The  polymerization  is  reversible  by  cooling,  and  tubulin  purified 
by  several  cycles  of  this  kind  appears  to  have  copolymerized  with  something 
similar  to  dynein  (although  there  are  no  visible  arms  on  cytoplasmic  micro- 
tubules) and  possibly  with  other  unidentified  macromolecules  which  may  be 
essential  for  polymerization.   Brain  is  therefore  the  preferred  material  for 
studies  o£  tubulin  structure  and  polymerization.   Our  current  project 
concerns  the  possible  function  of  bound  guanine  nucleotides  in  polymerization. 

Major  Findings: 

1.   Nucleotide-metabolizing  enzymes  in  Chlamydomonas  flagella.   Three 
new  enzymes  have  been  purified  and  separated  completely  from  each  other  and 
from  dynein.   Several  were  present  in  more  than  one  molecular  weight  species 
indicated  in  parenthesis  by  sucrose  gradient  sedimentation  coefficient: 
Calcium-ATPase  (3  s) ,  adenylate  kinase  (2  s,  4.3  s),  and  NDPK  (A. 3  s);  the  s 
values  for  dynein  were  12  and  18. 

The  Ca-ATPase  was  completely  absent  from  extracts  of  cilia  from  another 
microorganism,  Tetrahymena.   The  other  enzyme  activities  were  present  in 
similar  amounts  to  Chlamydomonas ,  but  were  in  different  molecular  weight 
fractions:   dynein  (13  s,  20  s) ,  adenylate  kinase  (10  s,  15  s,  19  s),  NDPK 
(6.1  s).   The  s  values  for  Tetrahymena  adenylate  kinase  correspond  to  much 
higher  molecular  weights  (200,000  to  500,000)  than  have  been  found  for  this 
enzyme  from  any  other  source.   The  absence  of  Ca-ATPase  from  Tetrahjnnena  cilia 
somewhat  weakens  the  possibility  that  it  relates  to  an  auxiliary  energy  trans- 
ducing system  for  motility.   The  flagellar  membranes  differ  from  those  of  the 
cilia,  since  they  contain  mating  factors  and  mastigonemes.   Further  studies 
of  the  Ca-ATPase  have  therefore  been  directed  to  determining  whether  it  is 
associated  with  flagellar  outer  membrane  (see  below) .   The  location  of 
the  enzyme  might  also  be  a  clue  to  the  role  of  calcium  in  regulating  both 
microtubule  assembly  and  flagellar  motility  (see  last  year's  report). 

Adenylate  kinase  presumably  functions  to  allow  complete  utilization  of 
ATP  energy  for  motility,  but  the  fact  that  the  4.3  s  species  wag  markedly 
increased  in  newly  regenerated  Chlamydomonas  flagella  suggested  that  this 
species  might  have  some  other  function  in  flagellar  assembly.   However,  we 
now  find  that  the  4.3  s  species  is  very  unstable,  and  also  that  it  is 
probably  a  soluble  "matrix"  enzyme  which  might  simply  be  lost  from  "old" 
flagella  if  these  were  more  leaky. 
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I     NDPK  activity  is  high  in  flagella,  although  even  higher  in  the  cell 
k>odles.   It  presumably  relates  to  the  presence  of  tubulln-bound  guanine 
liucleotides ,  and  suggests  that  there  may  be  a  continuing  need  to  regenerate 

GTP  from  GDP. 

I 

The  stoichlometry,  nucleotide  specificity,  and  kinetic  constants  with 
different  substrates  have  been  determined  for  reactions  catalyzed  by  the 
iflagellar  NDPK  and  the  2  adenylate  kinase  species.   Kinetic  analysis 
suggests  that  the  NDPK  forms  a  phosphoenzyme  intermediate,  and  is  more 
specific  for  adenine  and  guanine  nucleotides  than  are  enzymes  from  other 
sources. 

Our  main  effort  has  been  to  determine  whether  these  flagellar  enzymes 
are  localized  in  the  soluble  matrix,  the  outer  membrane,  or  in  auxiliary 
structures  associated  with  the  central  pair  or  outer  doublet  microtubules. 
Procedures  which  were  successful  in  separating  these  fractions  by  electron 
^croscoplc  criteria  have  unfortunately  given  less  definitive  results  when 
monitored  by  chemical  assays.   At  this  time  it  appears  that  adenylate  kinase 
may  be  a  mattlx  protein  and  NDPK  may  be  associated  with  the  outer  doublets. 
However,  we  could  not  solubillze  active  NDPK  under  the  drastic  conditions 
(heating  at  SO'C)  reported  to  partially  depolymerize  outer  doublets  to 
colchicine  binding  dimers. 

2.  Mutants  resistant  to  drugs  which  inhibit  microtubule  assembly  or 
function.   Last  year  we  isolated  mutants  resistant  to  Inhibition  of  growth 
and  flagellar  regeneration  by  colchicine  and  a  water  soluble  derivative  of 
podophyllotoxin,  EPT.   Podophyllo toxin  was  known  to  inhibit  binding  of  radio- 
active colchicine  to  dlmerlc  tubulin  and  was  thought  to  mimic  its  effects. 
EPT  was  unsatisfactory  because  it  had  a  transient  toxicity  to  Chlamydomonas 
unrelated  to  its  podophyllotoxin  moiety.   We,  therefore,  synthesized  another 
water  soluble  derivative,  in  which  the  benzyllc  hydroxyl  was  esterifled  with 
succinic  acid.   However,  this  compound  neither  inhibited  Chlamydomonas  nor 
blocked  colchicine  binding  to  brain  tubulin.   Before  undertaking  other 
derivatization,  we  have  prepared  labeled  podophyllotoxin  and  showed  that  it 
does  indeed  bind  to  the  same  site  as  colchicine.  The  kinetics  of  binding 
and  effects  of  temperature  were  quite  different,  however.   Surprisingly, 
3H-colcemlde  behaves  like  podophyllotoxin  in  these  respects. 

Two  other  preliminary  bbservations  of  interest  are:   a)  in  the  presence 
of  caffeine  some  colchicine  resistant  mutants  underwent  cyclic  synchronous 
alterations  between  motility  and  paralysis;  b)  flagellar  regeneration  and 
motility  were  inhibited  by  calcium  +  EGTA  together,  but  not  singly,  suggesting 
it  may  thus  be  possible  to  control  Intraflagellar  calcium  concentration. 

3.  Mechanism  of  polymerization  of  cytoplasmic  tubulin  from  brain.   The 
recent  discovery  of  conditions  for  polymerizing  tubulin  into  microtubules 

in  vitro  has  interested  us  particularly  in  regard  to  whether  the  bound  guanine 
nucleotides  play  an  essential  role,  and  specifically  wheth  ^  the  regeneration 
of  GTP  by  NDPK  is  essential  for  poljnnerlzation.   Brain  NDt.  did  not  copoly- 
merize  with  tubulin,  however,  and  after  2  cycles  of  assembly  with  20-fold 
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increase  of  specific  colchicine  binding  capacity  NDPK  specific  activity  was 
decreased  to  1/200  of  the  crude  extract.   Both  dimer  and  polymer  were  able  to 
;ind  an  additional  0.7  mole  of  GTP  per  110,000  g  of  protein.   The  polymer  did 
not  bind  colchicine  but  retained  competence  to  do  so  on  dissociation. 

Proposed  Course  of  Action: 

We  plan  to  continue  attempts  to  localize  flagellar  enzymes  by  fraction- 
ation with  detergents  and  other  chemical  procedures,  by  examining  paralyzed 
mutants  with  structural  defects  (such  as  absence  of  central  microtubules) , 
and  possibly  with  antibodies  to  purified  enzymes.   In  this  respect  we  are  also 
interested  in  the  species  distribution  of  the  Ca-ATPase. 

Before  proceeding  to  isolate  a  large  number  of  colchicine  resistant 
mutants  of  Chlamydomonas ,  we  plan  to  establish  conditions  for  detecting  amino 
acid  substitutions  in  flagellar  tubulins.   We  shall  continue  attempts  to 
obtain  mutants  resistant  to  drugs  such  as  isopropylphenylcarbamate,  which 
affect  microtubule  organizing  centers  without  binding  to  tubulin.   We  are 
interested  in  mutants  resistant  to  paralyzing  drugs  or  specific  inhibitors 
of  flagellar  enzymes,  but  such  inhibitors  are  not  yet  known.   We  have  some 
commercial  batches  of  ATP  which  inhibit  Mg++,  but  not  Ca++,  activation  of 
dynein. 

There  are  many  intriguing  problems  connected  with  the  mechanism  of  tubulin 
polymerization;  at  the  moment  we  are  interested  in  the  function  of  tubulin- 
bound  guanine  nucleotides.   GTP  is  required  for  poljnnerization  and  there  are 
unverified  reports  that  GTP  is  hydrolyzed  in  amounts  equimolar  with  the  dimers 
polymerized,  and  that  purified  tubulin  catalyzes  transphosphorylation  of 
bound  GDP. 

Publications: 

1.  Watanabe,  T.  and  Flavin,  M. :   Two  types  of  adenosine  triphosphatase  from 
flagella  of  chlamydomonas  reinhardtii.   Blochem.  Biophys.  Res.  Comm.  52: 
195-201,  1973. 

2.  Flavin,  M.  and  Slaughter,  C. :  Microtubule  assembly  and  function  in 
chlamydomonas ;  Inhibition  of  growth  and  flagellar  regeneration  by  antitubulins 
and  other  drugs  and  isolation  of  resistant  mutants.   J.  Bact.  118:  56-69,  1974. 

3.  Flavin,  M. :  Methionine  biosynthesis.   In  Greenberg,  D.  E.  (ed.): 
Metabolism  of  Sulfur  Compounds.   New  Yort,  Academic  Press  (In  Press). 
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Project  Description: 

Objectives:   1)  To  study  the  physical  and  chemical  properties  of  glutamine 
synthetase  from  Escherichia  coli,  particularly  with  respect  to  the  correlation 
of  the  structure  and  catalytic  function  of  this  enzyme.   2)  To  study  confor- 
mation and  stabilization  changes  of  a  protein  macromolecule  effected  through 
the  specific  binding  of  small  molecules,  and  the  relationship  of  such  effects 
to  enzyme  catalysis  and  regulation.   3)  To  purify  and  study  the  ATP-glutamine 
synthetase  adenylyl transferase  from  E.  coli.  with  emphasis  on  the  mechanism 
of  action  and  the  physical  structure  of  this  enzyme.  4)  To  purify  and  study 
a  protein  kinase  from  E.  coli  and  to  determine  the  possible  functional  roles 
of  this  activity  in  relationship  to  intracellular  cyclic  AMP  effects.   5)  To 
Isolate  the  glutamyl-tRNA  synthetase  from  E.  coli  in  order  to  investigate  the 
mechanisms  involved  in  regulating  this  activity. 

Major  Findings: 

1.  Mutual  interactions  of  divalent  cations  and  other  effectors  with 
glutamine  synthetase  from  E.  coli.   (Principal  investigators:   J.  B.  Hunt  and 
A.  Ginsburg  in  collaboration  with  P.  Z.  Smymiotis  and  E.  R.  Stadtman.)  Efforts 
have  been  directed  toward  understanding  the  role  of  various  effectors  in  the 
7-glutamyl  transfer  reaction  which  the  enzyme  catalyzes.   Binding  and  kinetic 
data  for  the  Mn2+- supported  activity  expression  of  unadenylylated  glutamine 
synthetase  now  have  been  correlated.  These  studies  may  be  summarized  as 
follows:   (a)  Each  of  the  twelve  subunits  of  glutamine  synthetase  catalyzes 
the  Mn^'^-supported  /-glutamyl  transfer  reaction.   (b)  There  is  an  absolute 
requirement  for  two  Mn2+  binding  sites  of  the  subunit  being  occupied  for 
activity  expression,   (c)  The  binding  of  Mn2+  to  these  two  subunit  sites  is 
random  (i.e.,  independent),   (d)  Glutamine  increases  the  apparent  affinity  for 
Mn2+  at  the  second  site  ("active  site")  without  influencing  the  binding  of 
Mn2+  to  the  tightening  site  which  induces  a  conformational  change  to  an  active 
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configuration.   The  apparent  affinity  of  the  enzyme  for  glutamine  is  reciprocally 
in-.reased  by  Mn^"*"  binding.   By  causing  an  uptake  in  protons,  the  binding  of 
fljtainlne  decreases  (from  3.0  to  1.0  equiv  of  H+)  the  net  release  of  protons 
from  the  enzyme  produced  by  the  binding  of  two  equiv  of  Mn2+  per  subunit. 
(e)  Once  Mn2+  is  bound  to  the  tightening  site,  an  active  subunit  GS-Mn2-ADP 
complex  can  be  formed  either  by  a  sequential  reaction  with  free  Mn2+  and  free 
ADP  (at  ADP-Mn  <  10"^  M)  or  by  reaction  directly  with  ADP-Mn.  Arsenate,  without 
apparently  affecting  Mn2+  binding,  favors  the  second  route,  even  in  the  pre- 
sence of  excess  Mn2+.   Hydroxylamine  has  little,  if  any,  effect  on  Mn2+  or  on 
ADP-Mn  binding. 

A  mechanism  for  forming  an  active  subunit  complex  (EM2A)  which  is 
consistent  with  observations  (a-e)  is  shown  in  Scheme  1. 
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Scheme  1 


where  E:  =  free  GS  subunit,  m2+  =  free  Mn^^,  E"M  =  GS-Mn  subunit  with  the 
second  Mn^"*"  binding  site  free,  E.M  =  GS-Mn  subunit  with  the  first  Mn2+  binding 
site  free,  EM2  =  GS-Mn2  subunit  with  both  Mn2+  sites  occupied,  A  =  ADP, 
AM  =  ADP-Mn,  K^  =  1.89  x  10^  M"^,  K2  =  5.9  x  10^  M"^,  K3  =  2.86  x  10^  M"^, 

K5  =  7.6  x  10^  M"^,  and  K^  =   ^'  ^  =  3.7  x  10^  M"^. 

When  ADP  is  present  at  the  subsaturating  concentration  of  1.0  |jM,  ADP-Mn 
formation  is  less  than  2  x  10"^  M  and  the  main  route  of  active  EM2A  formation 
is  by  the  lower  route  (i.e.,  A  addition  to  EM2)  in  Scheme  1.   In  this  case, 
activity  results  (v/V^^j^)  as  a  function  of  increasing  [Mn^+lj^.^g  are  propor- 
tional to  the  probability  of  forming  EM2,  which  then  can  react  with  free  ADP 
to  form  the  active  EM2A  complex.  When  ADP  is  present  in  assays  at  50  |jM 
concentration,  ADP-Mn  varies  (>  10"°  M)  and  the  main  route  of  active  EM2A 
formation  is  by  the  upper  route  (i.e.,  AM  addition  to  the  second  site)  in 
Scheme  1.   In  this  case,  a  good  fit  of  the  observed  velocity  data  for  Mn^"*" 
saturation  of  the  enzyme  was  obtained  by  assuming  that  the  velocity  (v)  is 
proportional  to  EM2A  and 
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In  terms  of  the  association  constants  (determined  by  equilbrium  binding 
measurements) ,  defined  in  Scheme  1,  this  equation  can  be  rewritten  (where  [E-j.] 
is  the  total  enzyme  subunit  concentration)  as: 


[EM2A.I  ^ 


KiK3[M][MA]     K3[MA]     KiK3[MA]     K3K5[a1 

2.   Studies  on  the  ATP:glutamine  sjmthetase  adenylyltransf erase  from 
E.  coll.   (Principal  investigator:   C.  E.  Caban.)  Regulation  of  glutamlne 
synthetase  in  E.  coll  is  mediated  by  adenylylation  and  deadenylylation,  a 
covalent  modification  of  glutamlne  synthetase  catalyzed  by  adenylyltransf erase 
and  involving  also  a  small  regulatory  protein.  Heretofore,  purified  adenylyl- 
transferase  has  been  unstable  and  consequently  difficult  to  characterize. 

A  new  purification  procedure  (with  Mg^"*"  included  in  all  chromatographic 
steps)  has  resulted  in  a  relatively  stable  enzyme  form.   Cells  of  E.  coll  W 
were  grown  under  previously  established  growth  conditions  for  obtaining  the 
best  yields  of  adenylyltransf erase.   Cells  were  harvested  in  late  log  phase  of 
growth  on  glycerol -glutamate  medium  (yield  =5.2  kg)  and  immediately  ruptured; 
(freshly  grown  cells  were  used  because  some  adenylyltransf erase  activity 
appeared  to  be  lost  during  storage  of  frozen  cells).  Nucleic  acid  was  removed 
by  a  two  step  addition  of  streptomycin  sulfate  to  a  final  17o  concentration. 
After  centrlfugation,  the  supernatant  was  Immediately  loaded  onto  a  large 
DE-52  column,  eluted  with  phosphate-1  mM  MgCl2-  1  mM  2-mercaptoethanol  and 
subsequently  subjected  to  the  following  chromatographic  steps:  AH-Sepharose  4B 
(amlnohexane  arms),  DE-52,  hydroxyapatite,  gel  filtration  through  Agarose,  and 
concentration  on  AH-Sepharose.  After  a  neutral  ammonium  sulfate  fractionation 
(0-427o),  a  final  gel  filtration  through  Agarose  resulted  in  a  2300-fold  puri- 
fication of  the  adenylyltransferase  in  about  3%  yield.   (It  is  anticipated 
that  future  purifications  by  this  procedure  will  give  increased  yields.)   The 
enzyme  is  stable  during  prolonged  storage  at  -80°  C.   The  enzyme  was  stable  at 
40  for  hydrodynamic  studies  after  dialysis  against  M/10  K-PO4-I  mM  MgCl2 
buffer  at  pH  7.8. 

The  purified  enzyme  behaved  as  a  homogeneous  protein  during  hydrodynamic 
studies.   Sedimentation  velocity  measurements  indicate  s^o  w  ~   5.55S  -  0.028c, 
where  c  is  the  concentration  in  mg/ml.   Sedimentation  equilibrium  studies  at 
both  high  and  low  speeds  on  the  Beckman  Model  E  analytical  ultracentrlfuge 
(utilizing  either  absorption  optics  at  280  nm  or  290  nm,  or  interference  optics) 
indicate  a  molecular  weight  of  115,000  t  5,000  for  the  native  enzyme. 

Further  characterizations  indicate  that  the  protein  showed  a  single 
enzymatically  active  protein  band  of  110-112,000  molecular  weight  when  analyzed 
by  polyacrylamlde  gel  electrophoresis  at  pH  7  (with  5,6,8,  and  107o  gels).   The 
isoelectric  point  of  the  enzyme  is  4.9.   The  enzyme  con tali t  about  35  tyrosyl 
and  15  tryptophanyl  residues  per  mole  and  has  a  specific  absorption  coefficient 
at  280  nm  of  /^  1.05  (aP-^^-)-  Glutamlne,  an  allosteric  activator  of  the 
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adenylylatlon  reaction,  produces  an  enhancement  and  red  shift  in  the  intrinsic 
iluorescence  spectrum  of  tryptophanyl  residues  of  the  protein.   The  circular 
dtfchroism  spectum  and  the  amino  acid  composition  of  the  enzyme  currently  are 
being  determined. 

Studies  to  determine  the  subunit  nature  of  the  enzyme  (after  dissociation 
with  urea,  sodium  dodecyl  sulfate  or  guanidine-HCl)  indicate  that  the  adenylyl- 
transferase  is  a  single  polypeptide  chain.   Sedimentation  equilibrium  centri- 
fugation  in  6  M  guanidine-HCl  indicates  a  weight  average  molecular  weight  of 
113,000, 

A  limited  proteolysis  may  produce  an  active,  low  molecular  weight  form 
that  has  lost  its  capacity  to  be  stimulated  by  the  regulatory  protein.   This 
and  other  properties  of  the  enzyme  are  currently  being  investigated. 

3.  Protein  kinase  activity  in  E.  coli.   (Principal  investigator: 
D.  M.  Powers.)   Our  investigation  does  not  support  the  existence  of  a 
cAMP- dependent  protein  kinase  in  E.  coli.   Extensive  attempts  to  identify 
this  activity  in  extracts  of  E.  coli  have  led  to  the  following  conclusions: 

a)  E.  coli  contains  at  least  two  activities  capable  of  incorporating  phosphate 
from  ATP  into  a  macromolecular  form  which  can  be  precipitated  by  trichloroacetic 
acid.   One  of  the  activities,  which  had  been  tentatively  identified  as  a  protein 
kinase  on  the  basis  of  preliminary  data,  incorporated  acid-precipitable  radio- 
activity from  7-32p  ATP  if  protamine,  histones  or  other  basic  proteins  were 
included  in  the  reaction  medium.   In  addition  to  ATP  and  a  basic  protein,  the 
reaction  requires  a  divalent  cation  and  later  was  found  to  require  also  a  low 
level  of  inorganic  phosphate.   Further  investigation  failed  to  demonstrate  any 
radioactive  phosphate  incorporated  covalently  into  protein.   Instead,  a  radio- 
active product  was  isolated  in  a  complex  with  the  basic  protein  which  could 
be  dissociated  with  8  M  urea  in  cellulose  acetate  electrophoresis  at  pH  7.2. 
The  product  was  identified  as  polyphosphate,  and  the  enzyme  was  therefore  a 
polyphosphate  kinase  which  depended  upon  the  presence  of  a  basic  protein,  in 
addition  to  phosphate  and  a  divalent  cation,  in  order  to  synthesize  polyphos- 
phate from  ATP.   This  enzyme  has  also  been  described  recently  by  H.-C.  Li  and 
G.  G.  Brown  (Biochem.  Biophys.  Res.  Commun.  53,  875  (1973)).   b)  The  second 
class  of  phosphorylating  activities  transfers  the  7-phosphate  from  ATP  into 
protein.   These  enzymes  are  not  affected  by  cAMP  and  do  not  phosphorylate 
protamine,  histones,  casein  or  other  basic  proteins.   The  endogenous  substrate 
has  not  been  identified  and  could  be  phosphorylated  enzyme  intermediates. 
c)  The  cAMP- dependent  protein  kinase  reported  by  J.  F.  Kuo  and  P.  Greengard 
(J.  Biol.  Chem.  244,  3417  (1969))  has  not  been  found  despite  an  extensive 
search.   Extracts  of  E.  coli  grown  in  a  variety  of  nutritional  conditions  and 
han^ested  in  different  stages  of  growth  were  examined.   None  contained  any 
activity  capable  of  phosphorylating  exogenous  substrates. 

4.  Glutamyl-tRNA  synthetase  from  E.  coli.   (Principal  investigator: 
D.  M.  Powers.)   The  catalytic  component  of  the  glutamyl-tJlNA  synthetase  is 
reported  to  be  affected  by  a  second  protein,  presumably  a  regulatory  protein 
(J.  LaPointe  and  D.  Soil,  J.  Biol.  Chem.  247,  4966  (1972)).   The  catalytic 
unit  has  been  purified  and  its  regulation  currently  is  being  studied. 
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A  potential  involvement  of  the  regulatory  proteins  (Pjj  and  the  adenylyl- 
transferase)  of  the  glutamine  synthetase  system  in  controlling  the  activity  of 
the  glutamyl-tRNA  synthetase  also  is  being  investigated. 

Significance  to  Bio-Medical  Research: 

The  regulation  and  control  of  enzymlc  activities  in  vivo  is  of  fundamental 
importance  in  cellular  metabolism.   Through  studies  in  vitro,  these  processes 
can  be  understood  more  fully.  The  study  of  structural  changes  that  can  be 
induced  in  a  protein  macromolecule  are  important  in  understanding  cellular 
processes  on  a  molecular  basis. 

Proposed  Course  of  Project: 

1.  General  ultracentrifugation  and  difference  sedimentation  techniques 
will  be  standardized  using  the  Beckman  Model  E  ultracentrifuge  in  order  to 
measure  gross  conformational  changes  induced  in  macromolecules  by  various 
effectors.  A  new  batch-type  microcalorimeter  will  be  calibrated  in  order  to 
measure  small  heats  of  binding,  proton  release,  and  macromolecular  gross 
conformational  changes  reflected  in  enthalpy  changes.   Induced  micro-structural 
perturbations  will  be  monitored  simultaneously  by  spectral,  fluorescence, 
optical  rotatory  dispersion,  and  circular  dichroic  measurements. 

2.  Physical-chemical  properties  of  the  E.  coli  ATP: glutamine  synthetase 
adenylyltransferase  will  be  determined. 

3.  The  regulation  of  the  E.  coli  glutamyl-tRNA  synthetase  will  be 
investigated.  A  possible  regulatory  relationship  between  protein  synthesis  and 
the  adenylylation-deadenylylation  enzyme  system  of  E.  coli  will  be  explored. 

4.  The  retinol  binding  protein  (RBP)  will  be  isolated  from  serum  in 
order  to  study  interactions  of  the  apo-RBP  with  retinol  (vitamin  A)  and 
retinol  isomers.  A  possible  role  of  Zn2+  in  the  biological  function  of  the 
RBP  also  will  be  investigated.   For  assays  of  the  RBP,  antibodies  to  the  RBP 
will  be  obtained. 

Publications: 

1.  D.  M.  Powers  and  A.  Ginsburg;  Protein  Kinase  Activity  in  Escherichia  coli 
in  the  "Third  International  Symp.  on  Metabolic  Interconversion  of  Enzymes", 
(E.  H.  Fischer,  E.  G.  Krebs,  and  E.  R.  Stadtman,  eds.),  Springer-Verlag, 

New  York,  1973,  pp.  131-143. 

2.  E.  R.  Stadtman  and  A.  Ginsburg;  The  Glutamine  Synthetase  of  Escherichia 
coli:  Structure  and  Control.   In  "The  Enzyries",  3^*^  ed.  Vol.  X  (P.  D.  Beyer, 
ed.).  Academic  Press,  New  York,  1973,  pp.  755-807. 

3.  A.  Ginsburg  and  E.  R.  Stadtman;  Glutamine  Synthetase  of  Escherichia  coli: 
Structure  and  Regulation.   In  "Subunit  Enzymes:  Biochemistry  and  Function" 
(K.  E.  Ebner,  ed.),  M.  Dekker,  Inc.,  New  York,  1974  (in  press). 
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4.   J.  B.  Hunt,  P.  Z.  Smymiotis,  A.  Ginsburg,  and  E.  R.  Stadtman;  Metal  Ion 
Requirement  by  Glutamine  Synthetase  of  Escherichia  coli  in  Catalysis  of 
; -Glutamyl  Transfer.   (In  preparation  for  Arch.  Biochem.  Biophys.) 
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Project  Description: 

Objectives:   Previous  work  in  this  laboratory  has  shown  that  one  important 
regulatory  mechanism  for  the  activity  of  glutamlne  synthetase  from  E^.  coli  is 
the  adenylylation  of  a  specific  tyrosyl  residue  in  each  subunit.   Adenylylation 
results  in  a  generally  less  active  enzyme  with  altered  responses  to  pH, 
divalent  cations,  and  feedback  inhibitors.   The  adenylylation  reaction, 


ATP  +  GS  ATase  GS-AMP  +  PPi 

^^ 

is  catalyzed  by  the  enzyme  adenylyltransf erase  (ATase) .   The  regulatory 
protein  Pjj  exists  in  two  forms,  Pjia  and  Puj).   The  Pha  stimulates  the 
adenylylation  reaction  while  Pud  in  the  presence  of  various  metabolite 
effectors  stimulates  the  deadenylylation  reaction.   Recent  work  in  this  lab- 
oratory has  shown  that  the  difference  between  PiiA  and  Pud  is  the  covalent 
attachment  of  a  UMP  moiety  to  Pn.   Thus,  Piu)  is  uridylylated  while  Piia  is 
not.   The  reaction. 


-  UIT  +  PPi 

is  catalyzed  by  two  activities.   Uridylylate  removing  enzyrae  (UR)  catalyzes 

the  deuridylylation  of  Pud  and  requires  only  Mn2+  for  activity.  Uridylyl- 

transf erase  (UTase)  catalyzes  the  uridylylation  of  Pha.  requires  Mn2+  or 
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Mg2+  for  activity,  and  the  metabolite  effectors  ATP,  UTP,  and  a-ketoglutarate 
for  activity.   Present  investigations  are  concerned  with  separation,  puri- 
fication, and  characterization  of  the  proteins  (Atase,  ?ii,   UR,  and  TJTase). 

Major  Findings: 

The  regulatory  protein  PlIA  has  been  p»irified  to  homogeneity  from  E^.  coli. 
Its  molecular  weight  is  44,000.   The  protein  is  composed  of  4  subunits  each 
with  a  molecular  weight  of  11,400.   Based  upon  the  homogeneity  of  the  subunits 
in  SDS,  8  M  urea  and  6  M  guanidine  HCl,  the  minimal  molecular  weight  calculated 
from  the  amino  acid  composition,  and  the  isolation  of  only  two  tryptic 
peptides  containing  tyrosine  (there  are  8  tyrosyl  residues  per  44,000 
molecular  weight  species),  the  subiwiits  are  identical.   When  PlLD,  the 
uridylyiated  form  of  the  protein,  is  iodinated  and  then  subjected  to  trypsin 
digestion,  only  one  peptide  containing  an  iodinated  tryosyl  group  is  obtained. 
However,  when  PnA  is  treated  in  an  identical  manner  two  peptides  with 
iodinated  tyrosyl  groups  are  obtained.   Thus,  only  one  of  the  two  tyorsyl 
peptides  in  PnA  can  be  iodinated  in  PlID.   This  indicates  that  in  Pud  the  UMP 
is  covalently  bound  to  the  protein  through  the  hydroxyl  group  of  tyrosine,  thus 
preventing  the  iodination  of  this  tyrosine.   This  result  further  indicates  that 
in  PiiD  4  moles  of  UMP  are  bound  per  mole  of  Pn;  i.e.,  one  UMP  molecule  is 
attached  per  subunit. 

The  Pjj  regulatory  protein  has  also  been  purified  to  homogeneity  from 
Pseudomonas  putida.   Initial  studies  indicate  that  its  Structure  is  very 
similar  to  the  E.    coll  Pji-   P^.  putida  Pxi  promotes  the  deadenylylation  of 
E.    coli  glutamine  synthetase  using  E.    coli  adenylyltransf erase.   Preliminary 
calculations  show  that  the  purified  E^.  coli  and  P^.  putida  Pud's  have  similar 
specific  activities  in  the  deadenylylation  reaction.   IP.  putida  Pjjjj  can  be 
reactivated  by  the  E^.  coll  UTase.   Therefore,  the  P^.  putida  Pji  is  "also 
covalently  modified  presumably  by  attachment  of  UMP.   The  P^.  putida  Pn  has 
a  molecular  weight  of  44,000  with  a  subunit  molecular  weight  of  approximately 
11,000  as  determined  in  SDS  polyacrylamlde  gels.   When  P^.  putida  Pii  is 
iodinated,  and  the  radioactive  tryptic  peptides  isolated,  there  are  two  such 
peptides,  with  electrophoretic  mobilities  identical  to  those  obtained  from 
E^.  coll  Pii.   The  single  difference  so  far  demonstrated  between  the  E^.  coli 
and  P^.  putida  Pji's  is  the  P^.  putida  Pn  appears  to  be  present  intracellularly 
at  concentration  some  10-15  fold  higher  than  the  E^.  coli  Pji.   E^.  coli  Pn 
required  a  1600-fold  purification  to  homogeneity,  while  P^.  putida  Pn  was  only 
purified  some  115-fold.   The  fact  the  P^.  putida  appears  to  be  structurally 
and  functionally  nearly  identical  to  the  E.    coli  protein,  but  present  intra- 
cellularly in  higher  concentrations,  may  make  it  an  ideal  protein  for 
studying  its  regulatory  mechanism  and  for  use  as  substrate  in  studying  the 
UR-UTase  enzyme. 

The  enzyme  activities  responsible  for  removal  (UR)  and  attachment 
(UTase)  of  UMP  to  Pn  have  been  partially  purified.   Both  activities  co-purify 
through  a  variety  of  procedures  including  hydrophobic  chromatography  and  are 
stabilized  by  high  ionic  strength  buffers.   Whereas  Mn2+  alone  supports  only 
UR  activity,  ATP,  a-ketoglutarate  and  Mg2+  supports  both  UR  and  UTase 
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activities.   These  observations  make  It  probably  that  the  UR  and  UTase 
activities  are  due  to  the  same  enzyme  or  enzyme  complex. 

Proposed  Course  of  Project:  Work  currently  in  progress  involves: 

1.  Further  characterization  of  P^.  put  Ida  Pn  to  define  the  extent  of 
homology  with  JE.  coll  Pn. 

2.  Purification  of  large  quantities  of  P^.  putida  Pu  to  be  used  as 
substrate  for  UR-UTase,  as  well  as  regulatory  experiments. 

Future  Work  will  Include:   (In  collaboration  with  E.  Engleman  and  S.  Francis). 

1.  The  development  of  rapid  sensitive  assay  methods  for  UR  and  UTase. 

2.  Establishing  whether  these  two  activities  exist  as  a  single  enzyme  by 
purification  to  homogeneity. 

3.  Characterization  of  UR  and  UTase  with  respect  to  subunlt  structure, 
regulatory  mechanism,  and  effector  reqxilrements. 

Publications : 

1.  Segal,  A.,  Brown,  M.  S.,,and  Stadtman,  E.  R. :  Metabolite  regulation  of 
adenylylation  of  glutamlne  synthetase.   Arch.  Biochem.  Biophys.  161:  319-327, 
1974. 

2.  Mangum,  J.,  Magni,  G. ,  and  Stadtman,  E.  R. :   Regulation  of  glutamlne 
synthetase  adenylylation  and  deadenylylation  by  the  enzymatic  uridylylation 
and  deuridylylation  of  the  Pu  regulatory  protein.   Arch.  Biochem.  Biophys. 
158:  514-525,  1973. 

3.  Adler,  S.  P.,  Mangum,  J.  H. ,  Magni,  G. ,  and  Stadtman,  E.  R. :  Uridylylation 
of  the  Pii  regulatory  protein  in  cascade  control  of  Escherichia  coll 
glutamlne  synthetase.   In  Fischer,  E.  H. ,  Krebs,  E.  G. ,  and  Stadtman,  E.  R. 
(eds):  Third  International  Symposium  on  Metabolic  Interconversion  of  Enzymes. 
New  York,  Springerr^VBrlag,  1973,  pp.  221-233. 

4.  Stadtman,  E.  R. ,  Clardl,  J.  E. ,  Smyrniotls,  P.  Z. ,  Segal,  A.,  Glnsburg,  A. 
and  Adler,  S.  P.:   Role  of  adenylylated  glutamlne  synthetase  metazymes  and 
urldylylated  regulatory  protein  metazymes  in  the  regulation  of  glutamlne 
synthetase  activity  in  Escherichia  coll.   In  Markert,  C.  L.  (ed.):  Third 
Intranational  Conference  on  Isozymes.   New  York,  Academic  Press  (In  Press). 
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Project  Description: 

Objectives:   In  the  last  10  months  we  have  extended  our  previous  studies  on 
the  physiological  effects  of  adenylylation  and  deadenylylation  of  glutamine 
synthetase  in  E.  coli  W,  to  include  in  vivo  regulation  of  the  state  of 
adenylylation,  repression  and  induction  of  glutamine  synthetase,  glutamate 
dehydrogenase,  glutamate  synthase,  and  histidase,  using  a  variety  of  culture 
conditions. 

Cultures  of  Klebsiella  aerogenes  have  been  grown  for  comparative  purposes 
and  to  demonstrate  the  radical  differences  in  nitrogen  metabolism  possessed 
by  this  organism  in  comparison  to  E.  coli  W. 

We  have  continued  to  amass  data  on  the  growth  physiology  of  E.  coli,  and 
in  particular,  the  growth  response  to  metal  ions  such  as  magnesium  and 
manganese. 

Major  Findings: 

1.   Carbon  and  energy- limited  cultures  -  Physiological  effects  of 
glucose-limited  growth  were  reported  on  last  year  and  we  have  repeated  and 
confirmed  our  initial  findings.   In  addition,  we  were  able  to  measure  intra- 
cellular concentrations  of  a-ketoglutarate  and  glutamine  (two  key  effectors 
in  adenylylation  and  deadenylylation  reactions) ,  and  we  found  that  the  average 
state  of  adenylylation  of  glutamine  synthetase  was  a  sensitive  function  of 
the  ratio  of  intracellular  a-ketoglutarate  to  glutamine. 

Assuming  Mg'^  to  be  the  physiological  cation  involved  in  the  reaction 
catalyzed  by  glutamine  synthetase,  then  when  the  intracellular  aKG:GlnNH2 
ratio  was  <  1.6,  the  enzyme  was  fully  adenylylated  and  inactive  biosynthetically. 
Between  ratios  1.6  and  1.8  there  were  dramatic  changes  in  average  state  of 
adenylylation,  and  above  1.8  the  enzyme  was  deadenylylated  (active).   Thus 
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glutamlne  synthetase  adenylylation/deadenylylation  is  responding  to  two  key 
metabolites.  Firstly,  OKG  -  the  product  of  isocitrate  oxidation,  catalyzed 
by  isocitrate  dehydrogenase  and  the  rate-limiting  reaction  of  the  tri- 
carboxylic acid  cycle  (the  availability  of  oflCG  reflecting  the  general  state 
of  carbon  metabolism  in  the  cell).   Secondly,  glutamine  -  the  product  of  the 
glutamine  synthetase  catalyzed  assimilation  of  NH3  into  glutamate,  which  is 
presumably  the  rate -limiting  reaction  of  nitrogen  assimilation  when  the  cell 
suffers  a  nitrogen  deficiency  (eg.  nitrogen  -  limited  growth). 

The  fine  control  of  glutamine  synthetase  adenylylation/deadenylylation  by 
OKG  and  glutamine,  found  to  operate  in  vitro  has  been  shown  to  exist  in  vivo, 
and  thus  glutamine  synthetase  is  responding  to  both  'feedback'  signals  from 
the  state  of  nitrogen  metabolism  of  the  cell,  and  'feedforward'  signals  from 
the  state  of  carbon  and  energy  metabolism. 

2.  Glutamate  nitrogen  -  limited  cultures  -  These  cultures  contained 
large  quantities  of  deadenylylated  glutamine  synthetase,  5-7-fold  greater  in 
specific  activity  than  that  found  with  NH4"'"-nitrogen  limited  cultures  at 
similar  specific  growth  rates.   These  specific  activities  f3.5-4.5  ijmol/min/mg 
of  protein  in  crude  extracts)  were  never  observed  with  NH^"*"- limited  cultures 
and  we  suggest  that  there  may  be  more  than  one  way  of  regulating  the  induction/ 
repression  of  glutamine  synthetase.  Glutamate  nitrogen-limited  cultures  may  be 
suffering  an  extreme  of  nitrogen  deficiency,  leading  to  a  form  of  'super 
induction' .   These  cells  would  be  expected  to  have  a  much  smaller  pool  of 
glutamate  than  those  growing  under  NH4'''-limitation  as  the  rate-limiting  step 

in  glutamate  growth  appears  to  be  entry  of  glutamate  into  the  cell.   This  would 
lead  to  an  intracellular  depletion  of  both  free  NH^"*"  and  glutamate  to  which 
the  cell  replies  by  overproducing  glutamine  synthetase  in  order  to  scavenge 
both  substrates.   The  first  reaction  of  glutamate  utilization  as  a  nitrogen 
source  must  be  either  a  deaminatlon  (glutamate  dehydrogenase  catalyzed)  or  a 
transamination.   Both  reactions  producing  OKG.   The  carbon  status  of  the  cell 
is  not  limiting  and  there  is  probably  a  good  supply  of  OiKG;  as  witnessed  by 
the  zero  state  of  adenylylation.  Thus,  on  equilibria  considerations  alone, 
the  cell  will  find  it  difficult  to  produce  free  NH4+  from  glutamate,  so 
restricting  still  further  the  operation  of  glutamine  synthetase. 

3.  NH^'^'-limited  cultures  of  Klebsiella  aerogenes  MK53  -  The  results  from 
these  cultures  and  those  from  E.  coli  W  grown  under  identical  conditions  (see 
Report  72-73),  demonstrate  quite  clearly  the  different  methods  employed  by 
these  two  organisms  to  assimilate  NH4+.   The  repression  of  glutamate  dehydro- 
genase in  K.  aerogenes  during  NH4+-limited  growth  was  observed  along  with  the 
induction  of  glutamate  synthase,  histidase,  and  glutamine  synthetase.   In 

E.  coli.  glutamate  dehydrogenase  and  glutamine  synthetase  were  induced.   The 
conclusion  drawn  is  that  K.  aerogenes  incorporates  limiting  ammonia  using 
Scheme  1  and  E.  coli  using  Scheme  2. 
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Scheme  1 

1.  NH^"*"  glutamate  +  ATP  >  glutamine  +  ADP  +  ?^ 

2.  aKG  +  glutamine  +  TPNH   ^  >  2  glutamate  +  TPN"*" 

Sum.  2  ^4"*"  +  aKG  +  TPNH  +  2  ATP  ^  glutamine  +  TPN+  +  2  ADP  +  2  P^ 

Scheme  2 

3 .  NH4'^  +  OKG  +  TPNH  -2M_>  glutamate  +  TPN'^ 

4.  NH4''"  +  glutamate  +  ATP  >   glutamine  +  ADP  +  Pi 

Sum.  2  NH4''"  +  OKG  +  TPNH  +  ATP  >  glutamine  +  ADP  +  P^  +  TPN"*" 

Scheme  1  for  K.  aerogenes  is  energetically  more  'expensive'  in  terms  of  ATP 
than  is  Scheme  2  for  E.  coli.   The  state  of  adenylylation  of  K.  aerogenes 
glutamine  synthetase  could  not  be  determined  using  the  standard  assay,  and  we 
intend  to  devise  an  assay  system  that  will. 

4.  Mg  -limited  cultures  of  E.  coli  -  Mg  -limited  cultures  grown  in  the 
presence  of  excess  glucose  and  NH4'*"  showed  repressed  levels  of  glutamine 
synthetase  but  glutamate  dehydrogenase  was  induced  at  all  specific  growth 
rates.   The  average  state  of  adenylylation  of  glutamine  synthetase  was  a 
linear  function  of  growth  rate  between  \x  =  0.07h~-'-  and  0.22h"-'-  decreasing 
from  9.5  to  2.0.  With  increasing  growth  rate,  the  n-value  decreased  to  zero. 
Examination  of  intracellular  pools  of  OKG  and  glutamine  showed  that  n-value 
was  responding  to  changes  in  the  aKG:  glutamine  ratio  in  an  identical  fashion 
to  glucose-limited  cultures.   These  effects  are  brought  about  by  Mg2+ 
deficiency,  but  at  which  point  in  microbial  metabolism  the  deficiency  is  rate 
limiting  is  impossible  to  say. 

The  addition  of  100  \M   -  MnCl2  to  these  cultures  (high  n-value, 
Mg  -limited,  glutamine  synthetase  repressed)  caused  instant  deadenylylation 
followed  by  induction  of  glutamine  synthetase,  histidase,  and  in  certain  cases 
glutamate  dehydrogenase.   These  changes  occurred  without  alteration  in  the 
aKG:  glutamine  ratio  and  must  therefore  represent  a  specific  physiological 
effect  of  Mn  .   Induction  of  glutamine  synthetase  did  not  require  deadenylylation 
to  occur  prior  to  induction,  Mn^"!"  added  to  cultures  containing  glutamine 
synthetase  of  n=0,  while  leaving  the  n-value  unchanged  still  caused  induction. 
These  effects  were  transient  if  Mn2+  was  allowed  to  dilute  from  the  culture, 
but  permanent  if  the  concentration  of  Mn^"""  was  maintained.   Induction  of 
glutamine  synthetase  required  protein  synthesis  and  not  an  activation  process, 
as  shown  by  the  addition  of  chloramphenicol  to  growing  cultures,  experiencing 
Mn^"*"  induction. 
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We  Interpret  this  data  In  the  following  manner: 

a.  Slow  growing,  Mg^"*"- limited  cultures  have  partially  inactivated 
glutamine  synthetase  (n  ■  9.5)  when  Mg^*^  is  the  sole  physiological  cation 
supplied  for  the  blosynthetic  reaction. 

b.  Addition  of  Mn2+  inhibits  adenylylatlon  and  may  stimulate 
deadenylylation  such  that  glutamine  synthetase  n  =  0  is  produced.   This  enzyme 
while  active  with  Mg^"*"  is  still  not  active  physiologically  because  of  the 
presence  of  a  large  excess  of  Mn2+. 

c.  Mn^  is  known  to  inhibit  glutamine  synthetase  by  facilitating  the 
tight  binding  of  ADP  (a  product  of  the  reaction)  to  the  active  site(s),  and 
so  even  with  n  =  0  the  rate  of  glutamine  production  will  decrease. 

d.  The  cell  responds  to  this  new  deficiency  by  synthesizing  more 
glutamine  synthetase,  thus  the  induction  phenomena. 

The  mechanism  by  which  glutamine  synthetase,  glutamate  dehydrogenase,  and 
histidase  are  coordinately  induced  by  Mn2+  is  unclear,  and  at  present  we  can 
only  speculate  that  the  deadenylylated  form  of  glutamine  synthetase,  perhaps 
with  ADP  and/or  Mn^"*"  bound  to  the  molecule,  operates  to  cause  autogenous 
induction. 

e.  Mn^'''  is  required  for  the  operation  of  UTase,  the  enzyme  catalyzing 
the  uridylylation  of  the  PxiA  regulatory  protein  to  produce  Pup  which 
stimulates  ATase  to  deadenylylate  glutamine  synthetase.  Mg2+  may  also  serve 
as  a  cation  but  in  Mg2+-limited  cultures  there  is  a  Mg 2''"- deficiency.  At 
slower  growth  rates,  the  deficiency  is  acute  and  thus  the  high  states  of 
glutamine  synthetase  adenylylatlon  (Pji  in  the  Ptta  form  stimulating 
adenylylatlon)  in  these  cultures.  Addition  of  Mn2?f  to  this  system  would 
stimulate  the  formation  of  PjxD  ^^^   thus  facilitate  deadenylylation. 

The  PjiD  may  then  operate  as  an  inducer  for  glutamine  synthetase. 

Publications: 
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2.  E.  A.  Dawes  and  P.  J.  Senior,  The  Role  and  Regulation  of  Energy  Reserve 
Polymers  in  Microorganisms.  Adv.  in  Microbial.  Physiology,  Vol.  10,  p.  135- 
266  (1973). 

3.  P.  J.  Senior,  Regulation  of  Nitrogen  Metabolism  in  E.  coli.   Continuous 
Culture  Studies.   (In  preparation.) 

4.  P.  J.  Senior,  Regulation  of  Nitrogen  Metabolism  in  E.  coll.   Effects  of 
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Objectives:   1)  To  set  up  a  laboratory  for  the  study  of  fast  kinetics  of 
reactions,  particularly  for  studying  individual  steps  of  enzymic  reactions  and 
protein-ligand  interactions.   2)  With  this  fast  kinetic  technique  and  other 
physical  and  chemical  methods,  to  elucidate  the  biochemical  action  of  glutamine 
synthetase  from  Escherichia  coli  and  to  understand  the  role  of  the  porphyrin 
ring  in  metal  and  ligand  binding.   3)  To  study  the  kinetic  and  mechanism  of 
DNA-repressor  interaction  utilizing  the  fluorescence  technique. 

Progress: 

1.  A  stopped- flow  machine  and  a  high  voltage  discharge  temperature-jump 
machine  equipped  with  very  sensitive  optical  density  and  fluorescent  detectors 
are  in  operation. 

2.  The  designing  of  a  laser  heating  temperature- jump  machine  to  cover 
the  nanosecond  range  and  a  relatively  slow  heat  exchange  temperature-jump 
machine  to  cover  the  minute  range. 

Major  Findings: 

1.  Metal-Porphyrin  Interactions  -  A  dissociative-interchange  mechanism 
for  metal  ion  incorporation  into  porphyrin  molecules.   (P.  Hambright)   The 
kinetics  of  divalent  metal  ion  incorporation  into  the  monomeric  tetrakis 
(4-N-methylpyridyl)  porphin  (TMTPyP)  (4+) ,  tetrasulphonated  tetraphenylporphin 
(TPPS4)  (4-) ,  and  uroporphyrin  I  (Uro)  (8-)  were  studied  in  acidic  and  basic 
solutions.   The  results  of  this  study  couple  with  the  published  data  on  metal 
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ion  incorporation  into  porphyrin  molecules  suggest  that  (a)  the  TMPTPyP  (4+) 
reactions  were  nitrate  catalyzed  if  the  formal  charge  in  the  activated  complex 
is  6+.   If  the  formal  charge  is  less  that  6+,  then  either  nitrate  catalyzed  or 
uncatalyzed  pathway  is  operative.  The  rate  law  for  both  Zn2+  and  Cu2+  ccwi- 
plexation  with  TMTPyP  are  the  same.  With  the  highly  negatively  charged 
porphyrin  rings  such  as  TPPS^  (4-)  and  Uro  (8-),  no  anion  catalysis  was  found. 
(b)  Factors  which  favor  the  loss  of  ligands  coordinated  to  the  metal  in  the 
activated  complex  would  promote  the  metal  ion  incorporation  process.  The  data 
show  the  relative  reactivity  of  the  divalent  metal  ions  towards  incorporation 
is  Cu2+  >  Zn2+  >  Mn2+  t^  Co2+  >  Ni2+,  This  pattern  is  paralleled  to  the  water 
exchange  rate  reported  in  the  literature.   In  addition,  an  increase  in  the 
number  of  nitrogen  donor  ligands  around  a  metal  ion  has  a  lablllzing  effect  on 
coordinated  water  molecule(s),  and  this  also  appears  in  the  incorporation  order 
Zn(Py)3H202+  >  Zn(Py)2(H20)|+  >  Zn(Py)(H20)§'''  >  Zn2+  and 

Zn(NH3)3(H20)2+  >  Zn(NH3;^'''  >  Zn2+.   (c)  A  dissociative-interchange  mechanism 
with  a  porphyrin  deformation  step  can  be  used  to  explain  the  results  of  metal 
ions  incorporation.  The  following  scheme  represents  possible  pathways  for  the 
presumed  four  coordinated  Zn  species  (MLa)  to  incorporate  into  porphyrins,  and 
can  be  generalized  into  six  coordinated  (ML^)  forms: 

KQS  ^  ^ 
PH2  (porphyrin)  +  ML4  -t [H2P---ML41  (1) 

KO 

[H2P---ML4]  V   *  [H2*P---LML3]  (2) 

then  either 

(I)  [H2*P---LML3l  -M_»  [H2*P  -  ML4]  ^^^^  Products  (3) 

or  (II)  [H2*P---LML3]   .^^^>»  [H2*P  -  ML2]  ^^^^  >  Products  (4) 

Vl 
or  (III)  [H2  P---LML3]  ^     CH2*P  -  ML3]  +  L  (5) 

[H2*P  -  ML3]  \^'\>    CH2*P  =  ML2]  -^SSt^  Products  (6) 

The  first  step  (Eq.  1)  is  the  formation  of  an  outer  sphere  complex, 
followed  by  (Eq.  2)  a  deformation  of  the  porphyrin  ring  to  provide  a  suitable 
configuration  to  complex  with  the  metal  ion.  This  conformation  might  have  its 
opposite  pyrrole  planes  and  central  nitrogen  sp2  hybrids  pointing  upwards  and 
the  other  two  downwards  with  respect  to  the  mean  porphyrin  plane.   Such  con- 
formation would  enhance  the  coordinating  ability  of  the  lone  pair  electrons  by 
directing  them  away  from  the  central  porphyrin  cavity,  and  increase  the  apparent 
acidity  of  the  central  protons  by  destroying  the  N-H  tautomerism.   Following 
these  preequilibria,  the  transition  state,  [H2*P- • •IiML3l,  can  proceed  by  at 
least  three  possible  pathways  (I  to  III)  to  form  the  products.   Pathway  1 
(Eq.  3)  involves  an  expansion  of  the  coordination  shell  of  the  metal  ion  by 

7  57 


Serial  No.  NHLI-  10 

one  or  two  to  accomodate  bonding  with  porphyrin.   Such  a  pathway  is  not 
favorable  when  the  metal  ions  are  six  coordinated.   In  the  case  of  Zn,  the 
reactivity  pattern  suggests  Zn-ligand  bond  breaking  is  rate  determing  step. 
Pathway  II  (Eq.  4)  is  introduced  since  there  is  a  possibility  that  slow- 
porphyrin  incorporation  rates  (compared  to  those  of  simple  ligands)  can  also 
be  explained  by  multiple  desolvation  from  a  rigid  macrocyclic  compound. 
However,  we  believe  that  the  slow  rate  can  be  accounted  for  in  part  by  an 
unfavorable  porphyrin  deformation  preequilibrium  (Kp  «1) .  A  stepwise  dis- 
sociative exchange  mechanism  as  described  in  equation  5  and  6  with  the  rate 
limiting  step  attributes  to  the  dissociation  of  the  ligand  from  the  metal 
species,  seems  to  be  more  reasonable.   With  this  pathway  (III),  the  observed 
incorporation  rate  would  be 

'^incorp  -  ^A-l^S^D  (7) 

Pathway  III  is  consistent  with  the  following  observations:   i)  Porphyrin 
having  the  same  peripheral  charges,  the  rate  of  Zn  or  Cu  incorporation  is 
relatively  independent  of  porphyrin  basicity  (Kqs  '^  constant).   ii)  Factors 
which  facilitate  ligand  dissociation  from  a  metal  ion  enhance  the  reaction 
rate.   iii)  Equation  7  suggests  that  the  ratio  of  ^i_ncoTV^^i-l   ^^°^^^  ^^ 
fairly  independent  of  metal  ion  for  cations  and  porphyrin  of  the  same  charge. 
This  ratio  for  1st  row  transition  metal  ion  and  TMTPyP  is  Cu2+  (4.6  x  10"9) , 
Zn2+  (1.7  X  10-9),  Co2+  (5.4  x  lO'^) ,  Mn2+  (0.42  x  lO'^)  (Mn(III)P  found  in 
product  may  explain  this  deviation)  and  Ni2+  (1.7  x  lO'^) .   The  ratio  for  Fe2+ 
was  reported  to  be  in  the  same  magnitude  too.   iv)  Metal  ion  incorporates  into 
pre-deformed  N-methyl  poryphyrin  gives  a  rate  of  10^  times  faster  than  with 
the  corresponding  non-N-alkylated  porphyrin.  Above  discussion  suggests 
''^d-l  *-  ^A-1'   ^^^   ^^^   reverse  can  also  be  true.   In  conclusion,  the  mechanisms 
of  metal  ion  incorporation  into  porphyrin  do  not  appear  to  be  vastly  different 
from  similar  processes  observed  with  simpler  mono  or  bidentate  ligands.   The 
necessity  for  the  extreme  porphyrin  deformation  needed  to  place  the  lone  pairs 
in  a  reasonable  coordination  position  both  for  the  incoming  metal  ions  in  the 
incorporation  reaction,  and  for  protons  or  other  metals  in  the  metalloporphyrin 
solvolysis  or  exchange  processes,  dominates  the  coordination  chemistry  of 
porphyrins. 

2.   Kinetics  of  cyanide  addition  to  iron  porphyrin  dimers  in  aqueous 
solution  and  iron  porphyrin  monomers  in  detergents  (Hambright) .   The  kinetics 
of  cyanide  addition  to  the  water  soluble  ji-oxybridged  iron  dimer  of  tetra 
(p-sulphophenyl)  porphine  shows  HCN  as  the  reactant.   The  data  are  consistent 
with  the  following  mechanism 

kl 
Fe-O-Fe  +  HCN      *  CN-Fe-0-Fe"  +  H+ 

CN-Fe-O-Fe"  ,^      NC-Fe-O-Fe" 
k.2 

and  a  rate  law  of 
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dCNC-Fe-O-Fe]  ^     klCHCNl[Fe-0-Fe1 

dt       '       -     ^- 

In  contrast,  cyanide  addition  to  mesohemin,  deuterohemln,  and  protohemin 
in  sodium  leuryl  sulfate  Involve  both  CN~  and  HCN  as  reactants.  The  reaction 
is  consistent  with  a  mechanism  of 

HO-FeP  +  CN"  V    HO-FeP-CN" 
HO-FeP-CN  +  HOJ    "^  CN-FeP-CN^"  +  H+ 

CN-FeP-CN^.^ — i  NC-FeP-CN^" 

The  equilibrium  constant  obtained  from  both  kinetic  constants  and  direct 
equilibrium  measurement  are  in  good  agreement.   It  is  interesting  to  point  out 
that  even  though  the  pl^  value 

(^  =■     FFeP  I    ^  ^°^   these  porphyrins  shows  mesohemin  >  deuterohemln  > 

protohemin  (from  6.2  -•  5.4),  yet  the  stability  constant  for  the  cyanide  complex 
follow  a  trend  of  deuterohemln  >  protohemin  >  mesohemin.   Similar  trend  was 
also  observed  for  O2  binding  to  cobalt  porphyrin  reconstituted  myoglobin 
(Yanetanl,  T.  et.  al^. ,  personal  communication).   This  observed  trend  may 
reflect  the  fact  that  deuterohemln  is  a  better  sigma  acceptor  and  rr-donor 
compared  proto-  and  mesohemin. 

3.   Fast  kinetic  study  of  a  Fe(III)  porphyrin  monomer-dimer  equilibria  in 
aqueous  solution  (Hambright) .   In  this  study,  tetrasulphonated  tetraphenyl- 
porphin  (TPPS4)  was  used  and  the  experiments  were  carried  out  at  20°. 
Titration  of  Fe(III)TPPS^  with  acid  or  base  show  no  spectral  change  between 
pH  1  and  5,  and  between  i«  8  and  12.  However,  between  pH  5  and  8,  a  signifi- 
cant spectral  change  was  observed  with  an  isobestic  point  at  406  mn.   This 
suggests  that  only  the  unhydrolyzed  forms  of  the  iron  monomer  and  dimer  are  in 
significant  concentration.   The  equilibria  constant  Kq„ 

[(PFe)20lCH^-]2  .        _ 

(Ko-  =  — — r -Tj )  was  determined  to  be  (3  T  1)  x  10"'  M.   No  relaxation 

^       [FePH20]'' 

time  was  observed  below  pH  5  or  above  pH  8  by  temperature -jump  method.   Two 
relaxation  times  were  observed  between  pH  5  and  8  suggests  that  dimerization 
follows  a  mechanism  such  as 

kl 
FeP(H20)  =5g=^  FeP(OH)-  +  H+  fast 

k2  , 

2FeP(0H)-  ^p=^  (PFe)20''"  +  H2O 

The  fast  relaxation  time  (a  few  microseconds)  is  attributed  to  the 
deprotonation  step  while  the  slow  relaxation  time  {^^  100  millisecond)  is  the 
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overall  dimerization.   The  slow  relaxation  time  can  be  expressed  as: 
^kl2k2    rPFe(H20)1  +  j, 


r 


-1-    l^-f        [H^-]2 


The  equilibrium  constant  calculated  from  the  relaxation  study  ( x )  is 

k.fk.j 
(2.7  "t  0.3)  X  10"^  M  which  is  in  excellent  agreement  with  that  determined  by 
spectrophotometric  titration. 

4.  Electron  transfer  kinetics  between  dithionite  and  bis-pyridine  Mn(lII) 
and  Co(III)  porphyrin  (Hambright) .   Kinetic  study  for  the  reduction  of  a  series 
of  bis-pyridine  Co(III)  and  Mn(III)  porphyrins  (etioporphyrin  (III),  mesopor- 
phyrin  dimethylester,  deuteroporphyrin  dimethylester,  hematoporphyrin  dimethyl- 
ester,  protoporphyrin  dimethylester,  diacetyldeuteroporphyri'n  dimethylester, 
dibromodeuteroporphyrin  dimethylester  and  tetrapyridylporphin)  by  dithionite 

in  aqueous  solution  is  carried  out.   The  results  indicate  that  (a)  the  radical 
anion  SOz'is  the  reductance,  (b)  the  reduction  goes  by  an  outer  sphere  pathway 
where  the  axial  ligands  need  not  dissociate  before  electron  transfer,  and 
(c)  electrochemical  and  kinetic  stability  parallel  one  another  for  both  Mn  and 
Co  porphyrin. 

5.  Mechanistic  studies  of  glutamine  synthetase  from  E.  coli  (Timmons, 
Rhee,  and  Luterman) .   (a)  Fluorometric  identification  of  a  reactive  intermediate 
in  the  biosynthetic  reaction.   In  recent  years  a  number  of  studies  have  been 
devoted  to  attempts  to  elucidate  the  mechanistic  details  involved  in  the 
biosynthetic  reaction.   Despite  the  number  of  studies  involved,  the  exact 
reaction  mechanism  is  uncertain.   It  appears  that  there  are  2  schools  of 
thought  on  this  topic.   Meister  and  coworkers  have  proposed  a  two-step  mechanism 
for  this  reaction.   The  first  step  is  the  formation  of  /-glutamyl  phosphate, 
and  the  second  step  is  amide  formation  due  to  NH3  displacement  of  the  phosphoryl 
group.   In  contrast,  Boyer  and  coworkers  suggested  a  concerted  reaction  mechanism 
based  on  their  isotopic  exchange  experiments.  We  have  used  the  tryptophan 
fluorescent  changes  to  follow  the  protein  conformational  changes  due  to  substrate 
binding.   The  enzyme  used  for  this  study  is  the  unadenylylated  form.   The  results 
are  presented  in  two  schematic  diagrams. 


i/.0 


Serial  No.   NHLI-10 


+.^ 


4( 


+  -^ 


5 


Serial  No.    NHLI-  10 


w 


4A 


Serial  No.  NHLI-  10 

The  first  and  second  diagram  show  the  successive  addition  of  various 
substrates  to  relaxed  and  Mg-activated  enzyme,  respectively.   Roman  numerals 
are  used  to  represent  different  fluorescent  levels  due  to  substrates  addition. 
The  notations  1+  and  I-  are  used  to  indicate  fluorescent  intensity  increases 
and  decreases  respectively.  The  results  clearly  show  the  formation  of  a 
highly  reactive  intermediate  from  ATP  and  L-glutamate  in  the  presence  of 
enzyme.  This  activated  complex, as  indicated  by  the  fluorescent  intensity, 
can  be  obtained  by  either  Glut  added  first  and  followed  by  ATP  or  ATP  added 
first  and  followed  by  Glut,  even  though  no  initial  fluorescence  was  observed 
when  Glut  was. added  first.   This  random  addition  mechanism  is  supported  by  the 
titration  studies  which  show  that  the  binding  of  ATP  is  enhanced  by  glutamate 
binding,  likewise  ATP  enhances  glutamate  binding.   If  AMPP-N-P  was  used  instead 
of  ATP,  similar  magnitude  of  fluorescent  enhancement  was  observed  as  that  occurs 
when  ATP  was  added.   But  subsequent  addition  of  glutamate  will  not  cause  any 
Increase  in  fluorescent  intensity.  This  suggests  that  the  reactive  intermediate 
may  be  either  a  7-glutamyl  phosphate  or  a  "transition  state  intermediate";  i.e. 
a  ADP-P-Glut  complex  where  the  P-0  bond  is  partially  broken. 

If  L-methionine-dl-sulfoximine  was  used  instead  of  glutamate,  a  stronger 
fluorescent  intensity  was  observed  compared  to  that  produced  by  ATP-Glut.   But 
subsequent  addition  of  NH3  shows  no  change  in  fluorescence.   Such  increase  may 
due  to  the  formation  of 


CH-1 


NPO^"  CH, 


CHo  0  -  S"^  -  NHPO^ 


CHo  or  CH, 

I  I  ' 

HC  -  NHo  CHo 

I  I 

COOH  HCNH, 

I 
COOH 

as  suggested  by  Melster  and  coworkers. 

(b)  Evidence  for  an  integrated  mechanism  for  the  biosynthetic,  transferase 
and  ATPase  reactions.  We  have  shown  that:   (i)  Both  glutamine  and  glutamate 
bindings  are  mutually  exclusive  by  steady  state  kinetic  method,   (ii)  In  the 
presence  of  either  Mg2+  or  Mn2+,  same  fluorescent  intensity  is  obtained  either 
by  the  addition  of  glutamate  and  ATP  or  by  the  addition  of  glutamine,  ADP  and 
P^.   These  suggest  that  both  Mg2+  and  Mn2+  can  support  the  formation  of  the 
reactive  intermediate  which  can  be  achieved  from  products  or  substrates 
addition.   (iii)  Both  Mg2+  and  Mn^"*"  can  support  the  ATPase  reaction  in  the 
presence  of  glutamate.  During  this  reaction,  an  essentially  stoichiometric 
amount  of  glutamate  was  converted  to  pyrrol idone  carboxylate  as  demonstrated 
by  the  isotopic  trace  experiments,   (iv)  Both  Mg2+  and  Mn2+  can  support  the 
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reverse  reaction  of  the  biosynthetic  reaction.   Products  analysis  shows  that 
glutamate  was  formed  from  glutamine  ADP  and  Pj  or  ks^.      This  may  indicate  that 
in  the  case  of  Asj,  an  ADP-As^  complex  is  formed  and  immediately  hydrolyzed. 
(v)  The  0^8  from  P^  was  found  being  transferred  to  the  glutamate  formed  by  the 
reverse  reaction.  An  interesting  question  which  has  not  been  answered  is  why 
Mn2+  does  not  support  the  forward  reaction  in  biosynthesis.  Work  is  being 
carried  out  in  an  attempt  to  answer  this  question. 

6.  Transphosphorylylation  catalyzed  by  glutamine  synthetase  (Luterman, 
Park,  Rhee,  and  E.  R.  Stadtman) .   (a)  Glutamine  synthetase  catalyzes  the 
reaction 

N^TP  +  N2DP  ■.     N2TP  +  N^DP 

where  Nj^  and  N2  represents  two  different  nucleosides.  We  have  demonstrated 
that  this  reaction  works  well  with  purine  nucleosides.   Effectors  required  for 
this  reaction  are  Mg2+  or  Mn2+,  P^,  glutamate  and  glutamine.   NH3  is  also 
present  in  the  solution  since  it  can  be  generated  by  the  reverse  reaction  of  , 
biosynthesis,  but  whether  NH3  is  essential  as  an  effector  for  the  transphos- 
phorylylation is  not  clear.   If  NH3  is  essential,  then  the  transphosphorylylation 
is  proceeded  by  coupling  the  forward  and  reverse  reactions  of  biosynthetic 
reaction.   However,  with  the  data  obtained  so  far,  one  cannot  rule  out  direct 
transphosphorylylation. 

(b)  Recently  Magasanik  and  coworkers  (B.  Tyler,  A.  B.  Deleo,  and 
B.  Magasanik,  PNAS  71.>  225  (1974))  demonstrated  that  unadenylylated  glutamine 
synthetase  from  E.  coli  or  3', 5' -cyclic  AMP  and  catabolite-activating  protein 
activates  the  correct  transcription  of  the  histidine  utilization  operon  DNA 
from  Salmonella  typhimurium.   The  possibility  that  glutamine  synthetase  might 
exert  the  effect  through  the  formation  of  "magic  spot",  guanosine-5' -di(or  tri) 
phosphophate-3' -diphosphate  is  suggested  by  the  observation  that  a  guanosine 
tetra  or  penta-phosphate  when  enzyme  is  incubated  with  ATP,  GTP,  Pi,  and 
glutamine  or  glutamate.   Isotopic  trace  experiments  show  the  additional  phosphate 
in  guanosine  tetra,  or  penta-phosphate  is  derived  from  ATP  and  not  from  Pj^. 
Work  is  in  progress  to  identify  this  guanosine  phosphate. 

7.  €-ATP-metal  ion  interaction  (Rhee).   Fluorescent  temperature -jump 
experiments  have  shown  that  f-ATP  reacts  with  divalent  metal  ions  to  form 
(f-ATP)2M,  (f-ATP)M,  (e-ATP)M2  complexes.   If  M  is  N?"*",  the  €-ATP-Ni  complex 
is  formed  when  one  mixes  a  one  to  one  ratio  of  f-ATP  and  N^   .   However,  if 

M  is  Co2+,  Mn2+  or  Cu2+,  temperature-jump  results  suggest  that  a  (?-ATP)2M  is 
formed  when  a  one  to  one  mixture  of  €-ATP  and  m2+  solution  is  used.  As  one 
increases  the  M^"*"  concentration,  a  one  to  one  complex  and  than  one  to  two 
complex  is  foinned.   Further  work  is  in  progress  to  elucidate  mechanism  of 
divalent  metal  ion-f-ATP  complex  formation. 

Proposed  Course  of  Research: 

1.   To  further  improve  the  high  voltage  capacitor  discharge  temperature- 
jump  machine  with  respect  to  its  sensitivity.   In  addition,  the  building  of  a 
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laser  heating  temperature- jump  machine  and  a  slow  heat  exchange  temperature-jump 
machine  to  cover  the  nanosecond  and  second  range  respectively. 

2.  To  further  explore  the  physical  and  chemical  properties  of  the 
unadenylylated  and  adenylylated  glutamine  synthetase  with  respect  to  their 
catalytic  function. 

3.  To  study  the  kinetic  and  mechanism  of  DNA-repressor  interaction 
utilizing  the  tryptophan  fluorescence  of  the  repressor. 

Publications: 

Abstracts: 

1.  C.  Y.  Huang,  R.  B.  Tlmmons,  E.  R.  Stadtman,  and  P.  B.  Chock, 
IjN^-Ethenoadenylylated  Glutamine  Synthetase  from  Escherichia  coll:  An 
Internal  Fluorescence  Conformational  Probe.   In  "Third  International  Symposium 
on  the  Metabolic  Interconversion  of  Enzyme",  Seattle,  Washington,  June  5-8,  1973. 

2.  S.  G.  Rhee,  D.  L.  Luterman,  R.  D.  Tlmmons,  and  P.  B.  Chock,  Mechanistic 
Studies  of  Glutamine  Synthetase  from  E.  coll:  Evidence  for  a  Common  Active  Site 
for  Biosynthetlc,  Transferase,  and  ATPase  Reactions  in  Unadenylylated  Enzyme. 
In  "58th  Annual  Meeting  of  the  Federation  of  American  Societies  for 
Experimental  Biology",  Minneapolis,  Minnesota,  June  2-7,  1974. 

3.  D.  L.  Luterman,  S.  G.  Rhee,  R.  D.  Tlmmons,  and  P.  B.  Chock,  Mechanistic 
Studies  of  Glutamine  Synthetase  from  E.  coll:  Identification  of  a  Reactive 
Intermediate  in  the  Biosynthetlc  Reaction.   In  "58th  Annual  Meeting  of  the 
Federation  of  American  Societies  for  Experimental  Biology",  Minneapolis, 
Minnesota,  June  2-7,  1974. 

Papers : 

1.  P.  B.  Chock  and  E.  0.  Titus,  Alkali  Metal  Ions  Transport  and  Biochemical 
Activity,  in  S.  J.  Lippard  ed.   "Current  Research  Topics  in  Bioinorganic 
Chemistry",  John  Wiley,  287-382  (1973). 

2.  P.  B.  Chock,  C.  Y.  Huang,  R.  B.  Timmons,  and  E.  R.  Stadtman,  f-Adenylylated 
Glutamine  Synthetase:  An  Internal  Fluorescence  Probe  for  Enzyme  Conformation. 
Proc.  Nat.  Acad.  Scl.  USA  70:  3134-3138  (1973). 

3.  R.  B.  Timmons,  C.  Y.  Huang,  E.  R.  Stadtman,  and  P.  B.  Chock,  "Fluorescence 
Studies  of  Glutamine  Synthetase  from  Escherichia  coll:  f-Adenylylated  and 
Unadenylylated  Enzymes"  in  "Third  International  Symposium  on  Metabolic 
Interconversion  of  Enzymes".   E.  H.  Fisher,  E.  G.  Krebs,  H.  Neurath,  and 

E.  R.  Stadtman  eds.   Sprlnger-Verlag,  New  York,  209-220  (1973). 

4.  P.  Hambrlght  and  P.  B.  Chock,  Metal -Porphyrin  Interactiors.   Ill:  A 
Dissociative-Interchange  Mechanism  for  Metal  Ion  Incorporate  21  into  Porphyrin 
Molecules.   J.  Am.  Chem,  Soc.  96:  (1974). 
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5.  R.  B.  Timmons,  S.  G.  Rhee,  D.  L.  Luterman,  and  P.  B.  Chock,  Mechanistic 
Studies  of  Glutamine  Synthetase  from  E.  coli.   I:  Fluororaetric  Identification 
jf  a  Reactive  Intermediate  in  the  Biosynthetic  Reaction.   (Submitted  to 
Biochemistry.) 

6.  P.  Hambright  and  P.  B.  Chock,  Metal -Porphyrin  Interactions.   IV:  Electron 
Transfer  Kinetics  Between  Dithionite  and  Bis-pyridine  Mn(III)  and  Co(III) 
Porphyrins.   (In  preparation.) 

7.  P.  Hambright,  M.  Krishnamurthy,  and  P.  B.  Chock,  Metal -Porphyrin 
Interactions.   V:  Kinetics  of  Cyanide  Addition  to  Iron  Porphyrin  Dimers  in 
Aqueous  Solution  and  Iron  Porphyrin  Monomers  in  Detergents.   (In  preparation.) 

8.  J.  R.  Sutter,  P.  Hambright,  P.  B.  Chock,  and  M.  Khrishnamurthy,  A 
Temperature -Jump  Kinetic  Study  of  a  Ferric  Porphyrin  Monomer-Dimer  Equilibria 
in  Aqueous  Solution.   (Submitted  to  Inorganic  Chemistry.) 
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Laboratory  of  Biochemistry 
Section  on  Intermediary 
Metabolism  &  Bloenergetics 
Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

iProject  Title:  1.   Stereochemical  Studies  of  Enzymatic  Reactions 

2.   Synthetic  Studies  of  Organic  Compounds  of  Biological 
Interest 

Previous  Serial  Number:  NHLI-159 

Principal  Investigator:  Lin  Tsai 

Other  Investigator:  E.  Caveney 

Cooperating  Units:  None 

Project  Description: 

Objective  1.   In  continuing  the  study  of  the  stereochemistry  of  the 
rearrangement  of  a-methyleneglutaric  acid  to  methylltaconic  acid,  a  synthetic 
method  to  Incorporate  heavy  hydrogen  Isotopes  to  C-4  methyleneglutaric  acid  is 
necessary. 

Major  Findings: 

Using  malic  acid  as  the  starting  material,  a  synthesis  of  a-methylene- 
glutaric acid  has  been  worked  out.   In  this  process,  a  malic  acid  molecule 
labeled  stereospeclflcally  with  deuterium  or  tritium  at  center  marked  * 
would  be  carried  through  these  steps  resulting  at  C-4  of  a-methyleneglutarlc 
acid. 


I 
CHOH 

CO,H 


SaH6 


CH2.OH 

CHOH 
*CHj. 
CHa.OH 


C<^)^o 


CHa.~0 

I 
CH-  O 

*CHx 
I 

CHiOH 


^CCCHj-^i 


L-Mallc  acid 
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P4,/cBr^  I 


>      CH-O^ 
I 
♦CHiCHxBr 


CCCHiij^   ®CM<S«ae»H^» 


CHx-O 

I 


rcccHsV 


Coj 


>      CH  —  O 

*CH2,CHa.CH(C  OaCiH3\ 


Col 


e> 


RO^C  CHiBr  ^ao^^c  CH,, 


v4'4' 


CHj. 


a-Methyleneglutarlc  acid 


The  conditions  for  the  oxidation  step  have  not  yet  been  optimized,  but  all  the 
intermediates  were  well  characterized  by  their  spectroscopic  properties. 

a-Methyleneglutaric  acid  labeled  with  ■'-'^C  at  the  methylene  group  was 
achieved  by  using  l^C-fonnaldehyde  for  the  Mannich  reaction. 

Proposed  Course  of  Action: 

To  make  improvements  on  soiae  of  the  steps  and  to  apply  the  synthesis  to 
prepare  stereospecifically  labeled  a-^methyleneglutaric  acid  for  enzymatic 
studies. 

Objective  2.   5-Hjidroxy-2-aminohexanoic  acid  is  one  of  the  unusual  o-amino 
acid  found  in  nature.   In  view  of  it  being  an  analog  of  2,5-diamlnohexanoic 
acid,  the  product  of  a- lysine  mutase,  it  would  be  of  interest  to  study  the 
properties  of  this  compoxind. 
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Major  Findings: 

A  allele  preparation  of  5-hydroxy-2-amlnohexanolc  acid  was  accomplished 
as  follows: 


CHj  CO  C^xCHa.  C  CcOxC«.*t5^, 


KHCOCH^ 


MaB\U 


tC,HPCi4 


CrtjCHCHxCHxCCCCb.CiH5)x      hci/hoO^      CHjCHCHxCHjCHCO^jH 
OH  HHCOCH3  Ort  HHi 


Although  no  direct  comparison  could  be  made,  the  PMR  (proton  magnetic 
resonance)  spectrum  of  the  synthetic  sample  agreed  well  with  that  reported 
for  the  natural  product.   This  hydroxyamlno  acid  yielded  a  lactone  amide  (I) 


NHCOH 


CfcHs 


upon  treatment  with  various  acylating  agents.  Much  effort  was  made  to 
resolve  the  diastereoisomers,  but  so  far  without  success.   The  PMR  spectra 
of  all  these  derivatives  were  too  complex  to  afford  assignments  of  the 
relative  configuration  of  the  two  asymmetric  centers. 
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Laboratory  of  Biochemistry 
Section  on  Intermediary 

Metabolism  &  Bioenergetics 
Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:  Menadione -Dependent  p-nitrophenylphosphatase  of  Clostridium 
sticklandii 

Previous  Serial  Number:   NHH-152 

Principal  Investigator:   J.  N.  Davis 

Other  Investigator:   T.  C.  Stadtman 

Cooperating  Units:   None 

Project  Description: 

Objectives:   1)  To  identify  the  natural  substrate  of  the  phosphatase.   2)  To 
determine  the  precise  biological  role  of  this  unusual  quinone- dependent 
phosphatase.   3)  To  determine  the  composition  and  some  physical  properties  of 
the  enz3raie  protein. 

Major  Findings: 

1.  Treatment  of  the  reduced  protein  with  increasing  concentrations  of 
iodoacetamide  leads  to  the  complete  inhibition  of  enzyme  activity.   Studies  are 
in  progress  with  various  sulfhydryl  group  reagents  to  determine  the  total 
number  of  sulfhydryl  groups  on  the  protein  and  the  number  essential  for  enzjmie 
activity. 

2.  In  the  absence  of  reducing  agents  the  protein  undergoes  oxidation  and 
aggregation  with  concomitant  loss  of  enzyme  activity.   Treatment  with  borohy- 
dride  in  the  presence  of  either  4  M  urea  or  4  M  guanidine-HCl  does  not  appear 
to  reverse  the  inactivation  process. 

3.  Determination  of  the  amino  acid  composition  of  the  pure  protein  after 
hydrolysis  with  6N  HCl  reveals  a  high  content  of  glutamic  and  aspartic  acid, 
which  accounts  for  the  acidity  of  the  protein,  a  high  content  of  the  non-polar 
amino  acids,  e.g.  valine,  leucine  and  isoleucine,  and  also  alanine  and  glycine. 
The  native  protein  exhibits  a  fluorescence  spectrum  typical  of  tryptophan. 

4.  In  order  to  determine  the  nature  of  the  natural  quinone  activator  of 
the  phosphatase,  whole  cells  of  C.  sticklandii  were  extracted  with 
diethylether:methanol  (2:1  v/v)  and  the  extracted  material  was  tested  for 
ability  to  replace  menadione.   Stimulation  of  the  activity  of  the  phosphatase 
by  this  preparation  suggests  that  the  natural  quinone  activator  was  present. 
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Proposed  Course  of  Action: 

After  carboxymethylation  of  the  pure  phosphatase  protein,  hydrolyses  will 
be  performed  under  conditions  that  do  not  destroy  tryptophan  and  carboxymethyl- 
cysteine  in  order  to  obtain  quantative  analyses  of  these  residues. 

Attempts  will  be  continued  to  identify  the  natural  phosphate  ester 
substrate  of  the  enzyme  by  (1)  preparation  of  naphthoquinol  monophosphate 
esters  and  (2)  by  preparation  of  32p_iabeled  extracts  of  C.  sticklandii  which 
can  be  tested  as  substrates.  The  possibility  that  the  phosphorylated  inter- 
mediate formed  in  the  glycine  reductase  system  may  serve  as  a  substrate  will 
be  tested.   In  particular,  the  selenoprotein  component  of  glycine  reductase 
will  be  phosphorylated  chemically  and  tested.   It  is  of  considerable  interest 
to  know  whether  this  quinone-dependent  phosphatase  normally  participates  in  a 
transfer  process  that  eventually  leads  to  ATP  synthesis,  whether  it  is  involved 
in  some  energy-dependent  membrane  transport  system  that  involves  a  quinone 
catalyst  or  is  a  component  of  a  regulatory  system,  etc. 

Publications: 

1.  J.  N.  Davis  and  S.  Prusiner;  Stain  for  Glutaminases  Activity.  Analytical 
Biochemistry  54,  272-275  (1973). 

2.  Isolation  and  Physical  Properties  of  the  Unusual  Mercaptan  and  Quainone- 
Dependent  p-nitrophenylphosphatase  of  C.  sticklandii.   (In  preparation.) 
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Laboratory  of  Biochemistry 
Section  on  Intermediary 

Metabolism  &  Bioenergetics 
Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   1.  Anaerobic  Metabolism  of  Certain  Amino  Acids  and  Other 

Nitrogen  Compounds  with  Especial  Reference  to  the  Role  of  B]^2 
Coenzyme  and  to  Electron  Transfer  and  Phosphorylation  Reactions 
Involved.   2.  Methane  Biosynthesis  and  One-Carbon  Compound 
Metabolism. 

Previous  Serial  Number:  NHLI-150 

Principal  Investigator:   T.  C.  Stadtman 

Other  Investigators:   John  J.  Baker  (Staff  Fellow;  terminated  July  20,  1973). 
Joyce  Cone  (Staff  Fellow;  starting  date,  Feb.  19,  1974). 

See  brief  individual  report. 
Belinda  Seto  (Staff  Fellow;  starting  date,  March  4, 

1974).   See  brief  individual  report. 
Joseph  N.  Davis  (Research  Assistant;  anaerobic  laboratory 

operator  and  advisor  to  new  fellows  regarding  culture 

of  microorganisms  J  operation  of  amino  acid  analyzers, 

disc  gel  electrophoresis  equipment,  etc).   See  separate 

research  report. 
Jay  B.  Jones  (Technical  Assistant  and  Predoctoral  Student 

at  George  Washington  University). 

Cooperating  Units:   Dr.  J.  Pierce,  NHLI;  Drs.  K.  Yasunobu  and  M.  Tanaka, 
University  of  Hawaii,  Honolulu. 

Project  Description: 

Objectives:   la)  Nature  of  electron  transport  and  phosphorylation  process  linked 
to  glycine  reduction  by  Clostridium  sticklandii  and  related  amino  acid  fermenting 
anaerobic  bacteria.   Structure  and  function  of  the  selenoprotein  component  of 
glycine  reductase.   lb)  Characterization  of  the  B]^2  coenzyme  and  pyridoxal 
phosphate  dependent  mutases  of  the  lysine  and  ornithine  fermentations.   Studies 
to  better  understand  the  precise  roles  of  the  two  coenzymes  in  these  amino  group 
:nigration  reactions  wherein  a  hydrogen  abstracted  from  one  carbon  of  the  amino 
acid  substrate  is  replaced  by  an  amino  group  that  migrates  from  the  adjacent 
carbon.   2)  Mechanism  of  formate  oxidation  to  carbon  dioxide  by  Methanococcus 
vannielii  and  roles  of  selenium  and  molybdenum  in  methane  biosynthesis  from 
formate.   Purification  and  characterization  of  selenium-dependent  formate 
dehydrogenase  (Jay  B.  Jones  research  project).   3)  Characterization  of  the 
menadione -dependent  para-nitrophenylphosphatase  of  Clostridium  sticklandii. 
(Experimental  work  carried  out  by  J.  N.  Davis;  see  individual  report.) 
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Major  Findings: 


la.   Continued  studies  on  the  structure  of  the  selenoprotein  component  of 
clostridial  glycine  reductase,  using  large  batches  of  highly  purified  material, 
indicate  the  presence  of  a  tightly  bound  chromophore  that  resembles,  in  its 
spectral  properties,  a  naphthoquinone  type  of  compound.   The  presence  of 
tryptophan  in  the  protein,  inferred  from  fluorescence  activation  and  emission 
spectra,  has  not  been  supported  by  direct  analysis.  No  tryptophan  was  detected 
on  the  amino  acid  analyzer  in  hydrolysates  prepared  by  a  procedure  that  does 
not  destroy  tryptophan.  These  measurements  are  being  repeated  on  other  samples 
of  the  selenoprotein  to  see  if  the  fluorescence  might  be  related  to  the  unknown 
chromophore  rather  than  to  tryptophan. 

Depending  on  the  conditions  of  the  acid  hydrolysis  and  workup  of  the 
samples,  the  '5se-labeled  residue  obtained  from  carboxymethylated  75se-labeled 
protein  either  resembles  carboxymethyl-Se-selenocysteine  in  its  chromatographic 
and  ion  exchange  properties  or,  in  other  preparations,  it  is  associated  with 
the  unknown  chromophore.  When  a  l^C-labeled  alkylating  agent  is  used,  the 
labeled  alkyl  group  is  covalently  attached  to  the  protein  and  after  acid 
hydrolysis  it  migrates  with  the  selenium  containing  residue  suggesting  that  an 
-SeH  group  on  the  protein  was  the  site  of  modification.   One  interpretation  of 
presently  available  data  is  that  the  clostridial  selenoprotein  contains  one 
selenocysteine  residue,  one  cysteine  and  an  unidentified  chromophore  (perhaps 
some  napthoquinone  type  of  compound) .  Additional  types  of  analytical  procedures 
applied  to  several  different  samples  of  purified  protein  should  resolve  scnne  of 
the  present  problems  regarding  these  residues. 

Total  amino  acid  analyses  on  two  types  of  acid  hydrolysates  show  that  all 
of  the  usual  stable  amino  acids  usually  found  in  proteins  are  present  in  the 
selenoprotein.  A  large  number  of  glutamic  and  aspartic  acid  residues  account 
for  the  acidity  of  the  protein.   The  total  number  of  residues  is  in  close 
agreement  with  a  molecular  weight  of  about  12,000. 

Partially  purified  preparations  of  a  low-molecular  weight  selenoprotein  of 
sheep  muscle  (a  protein  found  by  Whanger  et_  al_.  of  Oregon  to  be  missing  in 
muscles  of  selenium  deficient  lambs  suffering  from  white  muscle  disease)  were 
prepared  by  Drs.  J.  Pierce  and  J.  M.  Poston  of  NHLI.  Although  some  properties 
suggested  a  possible  relationship  to  the  clostridial  selenoprotein,  these 
preparations  neither  replaced  the  clostridial  selenoprotein  in  the  glycine 
reductase  assay  nor  did  they  exhibit  any  inhibitory  effects.   These  preliminary 
data  suggest  that  two  selenoproteins  are  not  related  in  their  biological 
function. 

Other  low-molecular  acidic  proteins  from  muscle,  termed  parvalbumins , 
that  bind  calcium  also  resemble  the  clostri  lial  selenoprotein  in  some  of  their 
properties.  Analyses  by  Dr.  E.  Fischer  and  collaborators  of  the  University  of 
Washington  showed  that  the  clostridial  selenoprotein  does  not  interact  with 
antibodies  prepared  to  the  parvalbumins  nor  does  it  bind  calcium. 
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lb.   Ferredoxin  was  obtained  from  Clostridium  strain  M-E,  a  lysine 
fermenting  organism,  as  a  by-product  of  the  isolation  of  the  B]^2  coenzyme  and 
pyridoxal  phosphate  dependent  lysine  mutases.   The  ferredoxin  from  the  organism 
resembles  other  clostridial  ferredoxins  in  a  number  of  spectral  and  chromato- 
graphic properties.  As  part  of  a  program  to  determine  the  amino  acid  sequences 
of  a  number  of  these  non-heme  iron  electron  transport  proteins,  Yasunobu  and 
collaborators  of  the  University  of  Hawaii  were  supplied  with  Clostridium  M-E 
ferredoxin  and  they  have  determined  its  amino  acid  sequence.   The  ferredoxin 
from  this  organism  differs  from  others  sequenced  in  that  residue  30  is  an 
arginine  instead  of  an  aromatic  amino  acid.   This  result  requires  modification 
of  the  theory  proposed  by  the  crystal lographers  concerning  the  involvement  of 
an  aromatic  amino  acid  residue  at  this  position  in  the  orientation  of  the  iron 
sulfide  cluster  of  the  active  site. 

2.   Formate  metabolism  and  methane  formation  by  Methanococcus  vannielii 
as  well  as  the  rate  of  growth  of  the  organism  are  greatly  stimulated  by  the 
addition  of  selenite  and  also  of  tungstate  to  the  culture  medium.   Growth  of 
the  organism  in  the  presence  of  radioactive  selenite  results  in  the  incor- 
poration of  '^Se  into  a  protein  fraction  that  exhibits  formate  dehydrogenase 
activity.   The  simultaneous  enrichment  of  enzyme  activity  and  radioactivity 
indicate  that  the _M-  vannielii  formate  dehydrogenase,  like  other  bacterial 
formate  dehydrogenases,  is  a  selenoprotein.   No  marked  effect  of  the  addition 
of  molybdate  to  the  culture  media  is  observed  but  the  stimulation  of  growth  by 
tungstate  suggests  that  substitution  of  this  metal  for  molybdenum  has  occurred 
and  perhaps  its  stimulatory  effect  is  due  to  the  greater  stability  of  a  tungsto 
enzyme  as  contrasted  to  a  molybdoenzyme.   Presumably  the  formate  dehydrogenase 
is  a  molybdoprotein. 

The  soluble  formate  dehydrogenase  is  stable  to  heating  at  65°  C  and  is 
optimally  active  at  60°  C.   Like  other  formate  dehydrogenases  it  is  very 
sensitive  to  inhibition  by  oxygen  and  to  cyanide. 

Methanococcus  vannielii  and  Methanosarcina  barkeri  cultures  were  supplied 
to  G.  D.  Novelli  at  Oak  Ridge  National  Labs  and  Mr.  J.  B.  Jones  also  furnished 
technical  assistance  in  starting  up  the  fermentations  at  Oak  Ridge.   This  is 
part  of  a  project  to  investigate  the  problems  involved  in  the  biological 
generation  of  methane  from  fermentable  waste  materials.   T.  C.  Stadtman  also 
served  as  a  member  of  a  National  Academy  of  Science  panel  to  study  the 
feasibility  of  aiding  developing  countries  to  supply  part  of  their  energy  needs 
by  the  production  of  methane. 

Significance  to  Biomedical  Research: 

The  enzyme  systems  described  in  this  report  that  depend  on  selenium, 
molybdenum,  iron,  vitamin  B]^2j  pyridoxal  phosphate,  quinones,  etc.  furnish 
fundamental  information  concerning  the  roles  of  these  vitamins  and  trace 
elements  in  living  organisms.  Although  these  studies  are  primarily  with 
bacteria  the  catalysts,  once  identified,  always  prove  to  be  identical  or 
chemically  very  similar  in  other  species,  Including  man.   Furthermore,  the 
anaerobic  bacteria  are  directly  involved  in  decomposing  our  organic  waste 
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materials  and  producing  fuels  such  as  methane. 

Proposed  Course  of  Research: 

The  projects  outlined  above  dealing  with  the  subunit  composition  and 
identity  of  the  chromophore  that  the  Clostridial  selenoprotein  appears  to 
possess  are  the  primary  objectives  of  research  currently  in  progress.   The 
properties  already  ascertained  indicate  that  the  protein  must  serve  as 
electron  carrier  in  the  glycine  reductase  system.   The  additional  possibility 
that  it  is  directly  concerned  with  the  phosphate  esterification  process  will 
be  explored  by:   (1)  the  use  of  metabolic  inhibitors  that  are  believed  to 
react  with  mitochondrial  electron  transport  systems  between  non-heme  iron  and 
quinone  catalysts;  (2)  tests  to  see  if  the  selenoprotein  can  be  phosphorylated 
chemically  and  then  dephosphorylated  upon  oxidation  or  by  reaction  with  ADP  or 
by  the  quinone-dependent  phosphatase  of  C.  sticklandii;  (3)  preparation  of  the 
selenoprotein  in  amounts  sufficient  to  allow  its  use  as  a  substrate  for  detailed 
investigation  of  its  function;  and  (4)  preparation  of  peptide  fragments  con- 
taining the  selenium  moiety  and  the  chromophore  to  determine  their  exact 
relationship. 

The  formate  metabolism  and  methane  biosynthesis  problems  will  be 
investigated  by:   (a)  continuing  the  purification  of  the  dehydrogenase; 
(b)  determining  the  trace  element  composition  of  the  purified  protein, 
e.g.  selenium,  molybdenum,  tungsten,  and  iron  content  (if  all  of  these 
elements  are  incorporated);  (c)  comparison  of  the  possible  relationship  of 
the  selenoprotein  of  glycine  reductase  and  the  selenium  containing  polypeptide 
of  the  formate  dehydrogenases  of  Methanococcus  vannielii  and  especially  of 
C.  sticklandii;  and  (d)  investigation  of  the  role  of  pyruvate  in  the  conversion 
of  formate  to  methane  and  of  carbon  dioxide  to  methane.   Is  selenium  required 
for  both  of  these  processes  or  only  for  formate  oxidation  to  carbon  dioxide? 
As  pointed  out  in  last  year's  report  the  physiology  and  biochemistry  of  the 
methane  fermentations  are  so  poorly  understood  at  present  that  studies  of  this 
type  are  essential  if  these  microorganisms  are  to  be  used  successfully  in 
helping  to  solve  the  worldwide  energy  problems. 

Publications: 

1.  T.  C.  Stadtman,  Selenium  Biochemistry.   Science  183:  915  (1974). 

2.  J.  M.  Poston  and  T.  C.  Stadtman,  Cobamide-Dependent  Reactions:  Methyl- 
cobamides  and  the  Synthesis  of  Methionine,  Methane  and  Acetate.   Chapter  in 
"Vitamin  812*  Biochemistry  and  Biochemical  Pathology".  Edited  by  B.  Babior, 
Wiley  Inter science.  Hew  York. 

3.  John  J.  Baker  and  Chris  van  der  Drift,  J^irification  and  Properties  of 
L-erythro-3,5-diaminohexanoate  Dehydrogenase  from  Clostridium  sticklandii. 
Biochemistry  13:  292  (1974). 
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4.  James  Shih,  Lin  Tsai,  and  T.  C.  Stadtman,  Lysine  and  Ornithine  Fermentation 
by  Clostridium  sticklandii:  Substrate  Specificities  and  Methods  of  Separation 
of  Diaminoacid  Dehydrogenases.   (In  preparation.) 

5.  John  J.  Baker  and  T.  C.  Stadtman,  Purification  and  Properties  of 
D-Ornithine  Mutase.   (In  preparation.) 
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Laboratory  of  Biochemistry 
Section  on  Intermediary 

Metabolism  &  Bioenergetics 
Bethesda,  Maryland 

PHS-HIH 
Individual  Project  Report 
March  4,  1974  through  June  30,  1974 

Project  Title:  Anaerobic  Metabolism  of  Glycine  with  Special  Reference  to  the 
Role  of  Selenium  and  the  Mechanism  of  the  Electron  Transfer 
and  Phosphorylation  Reactions  Involved. 

Previous  Serial  Number: 

Principal  Investigator:  Belinda  Seto 

Other  Investigators:  Joyce  Cone 

T.  C.  Stadtman 

Cooperating  Units:   Dr.  Jack  London,  Dental  Institute  (preparation  of  antisera) 

Project  Description: 

Objectives:  To  isolate  and  characterize  the  protein  components  of  clostridial 
glycine  reductase  using  genetic  and  immunological  approaches. 

Major  Findings: 

Studies  initiated  since  arrival  in  the  Laboratory  of  Biochemistry  have 
involved  preparation  of  materials  needed  for  approaches  to  the  glycine 
reductase  problem  not  previously  employed  and  have  dealt  with:   (1)  separation 
of  the  enzymes  from  crude  extracts,  (2)  purification  of  the  selenoprotein 
component  of  glycine  reductase  for  use  as  an  antigen,  and  (3)  culture  and 
reisolation  of  small  colony  mutant  strains  of  Clostridium  sticklandii  originally 
produced  and  isolated  in  the  anaerobic  laboratory  by  Dr.  Arnold  Schwartz. 
Several  of  these  mutants,  which  possibly  are  defective  in  ATP  production, 
appeared  in  the  earlier  preliminary  studies  to  have  altered  abilities  to 
ferment  various  amino  acids,  e.g.  glycine,  lysine,  and  proline. 

Proposed  Course  of  Action: 

The  small  colony  mutant  strains  of  C.  sticklandii  which  appear  to  be 
defective  in  glycine  reductase  activity  should  provide  valuable  experimental 
material  for  the  elucidation  of  the  biological  functions  of  the  various  enzymes 
involved  in  amino  acid  fermentation,  and  also  the  regulatory  properties  of 
these  enzymes. 

Immunological  techniques  will  be  used  to  detect  in  '  i.v   '"ormation  of 
glycine  reductase.   Specifically,  it  is  of  interest  to  determine  when 
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C.  stlcklandii  incorporates  selenium  into  the  selenoprotein  component  of 
glycine  reductase. 
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Laboratory  of  Biochemistry 
Section  on  Intermediary 

Metabolism  &  Bioenergetlcs 
Be the s da,  Maryland 

PHS-NIH 
Individual  Project  Report 
February  19,  1974  through  June  30,  1974 

Project  Title:  Glycine  Reduction  in  Clostridium  sticklandli 

Previous  Serial  Number: 

Principal  Investigator:  Joyce  Cone 

Other  Investigators:  None 

Cooperating  Units:  None 

Project  Description: 

Objectives:  Characterization  of  the  enzyme  and  electron  transport  components 
linked  to  glycine  reduction  in  Clostridium  sticklandli.  Role  of  the  selenium 
protein  component  (Protein  A)  required  for  glycine  reduction  and  the  concomi- 
tant generation  of  ATP. 

Major  Findings: 

A  low  molecular  weight  selenium  containing  protein  has  been  identified  as 
a  necessary  component  of  the  glycine  reduction  reaction  in  C.  sticklandli 
(Stadtman,  1966;  Turner  and  Stadtman,  1973).   Recently,  the  biological  activity 
of  this  protein  was  found  to  be  inhibited  by  a  variety  of  alkylating  agents. 
The  time  course  of  this  inhibition  was  very  rapid  at  dilute  concentrations  of 
alkylating  reagent  suggesting  the  involvement  of  a  highly  reactive  functional 
group  of  the  protein,  possibly  the  selenium  containing  moiety. 

Procedures  for  the  purification  of  additional  components  required  for  the 
glycine  reductase  reaction  have  been  explored.  Affinity  chromatography  on 
6-aminohexane-Sepharose  4B  (AH-Sepharose  4B)  was  found  to  be  a  potentially 
effective  method  for  the  purification  of  the  glycine  binding  component  of  the 
reductase  complex. 

Proposed  Course  of  Action: 

The  biological  activity  of  the  selenium  containing  protein  (Protein  A) 
will  be  investigated  through  chemical  modification  of  the  functionally  involved 
group.   The  results  will  be  correlated  with  structural  studies  on  the  selenium 
containing  moiety  of  the  protein  (T.  C.  Stadtman,  work  in  progress). 
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Additional  components  of  the  glycine  reductase  complex  will  be  characterized  in 
CLcler  to  determine  the  sequential  steps  of  the  overall  electron  transport  pathway. 

References: 

1.  Stadtman,  T.  C.  (1966)  Glycine  Reduction  to  Acetate  and  Ammonia: 
Identification  of  Ferredoxin  and  Another  Low  Molecular  Weight  Acidic  Protein 
As  Components  of  the  Reductase  System.  Arch.  Biochem.  Biophys.  113.  9-19. 

2.  Turner,  D.  C,  and  Stadtman,  T.  C.  (1973)  Purification  of  Protein  Components 
of  the  Clostridial  Glycine  Reductase  System  and  Characterization  of  Protein  A 
as  a  Selenoprotein.  Arch.  Biochem.  Biophys.  154,  366-381. 
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Annual  Report  of  the 
Section  on  Cellular  Physiology- 
Laboratory  of  Biochemistry 
National  Heart  and  Lung  Institute 
July  1,  1973  through  June  30,  1974 

The  research  program  of  the  Section  on  Cellular  Physiology  is  directed 
toward  two  broad  areas  of  biochemistry  and  cellular  physiology:  structure  and 
structure  function  relationships  of  protein  on  the  one  hand  and  the  role  of 
cell  membranes  in  synthetic  activities  of  cells  on  the  other,  encompassing 
programs  in  the  areas  of  (1)  the  contractile  system  of  muscle;  (2)  the  struc- 
ture of  fibrinogen;  (3)  tritium  labeling  or  proteins  as  a  tool  in  studying 
protein  structure;  (4)  the  electron  transfer  system  and  the  membrane  bound  DNA 
synthesizing  systems  of  E.  coli.  The  following  is  a  resume  of  some  major 
developments  in  the  research  of  the  section. 

The  contractile  system  of  muscle. 

It  is  generally  recognized  that  contraction  of  muscle  (and  movement  in  a 
variety  of  non-muscle  cells)  involves  the  interaction  of  the  two  proteins 
myosin  and  actin  with  ATP.   It  is  therefore  of  considerable  importance  to 
determine  the  nature  of  the  interaction  which  occurs  between  actin  and  myosin 
in  vitro  as  ATP  is  hydrolyzed  since  the  steps  occurring  may  correspond  to  the 
contractile  cycle  in  vivo.  Since  both  myosin  and  actin  occur  as  aggregate- 
filaments  under  physiological  conditions  this  interaction  is  difficult  to 
study  quantitatively.  However,  myosin,  a  long  two  headed  match  shaped  molecule 
can  be  subjected  to  selective  proteolytic  cleavage  to  yield  a  fragment 
possessing  both  heads  and  a  short  tain  (heavy  meromyosin  or  HMM)  or  alter- 
natively the  separate  "heads"  (subfragment  1  or  S-1)  both  ofwwhich  are  soluble 
under  the  conditions  of  interest.  All  of  the  studies  reported  here  have 
involved  the  interaction  of  one  of  these  typescof  fragments  with  the  linear 
polymer  of  actin  (F-actin) .  Previous  studies  in  this  laboratory  using  HMM 
and  F-actin  have  demonstrated  that,  in  the  absence  of  ATP,  the  binding  of 
H#l  to  actin  is  very  strong,  one  HMM  binding  two  actin  monomers  in  the 
F-actin  polymer.   In  contrast,  in  the  presence  of  ATP,  where  kinetic  studies 
indicated  that,  although  the  binding  was  much  weaker,  all  of  the  HMM  should 
be  bound  at  sufficiently  high  actin  concentrations,  direct  measurements  of 
binding  in  the  analytical  ultracentrifuge,  demonstrated  that  most  of  the  HMM 
was  free  at  these  high  actin  concentrations  suggesting  a  "refractory  state" 
in  the  kinetic  cycle  where  the  HMM  is  unable  to  bind  to  actin.  Further 
studies  using  laser- light  scattering,  viscosity,  and  turbidity  measurements 
confirmed  the  conclusions  of  a  "refractory  state"  —  a  conclusion  supported 
in  other  laboratory,  particularly  in  the  area  of  X-ray  diffraction  on  living 
muscle.  Currently,  the  research  has  been  directed  at  three  areas  of 
interest:  the  effect  of  blocking  of  specific  sulfhydryl  groups  of  HMM  on  the 
interaction  of  HMM  and  actin  in  the  presence  and  absence  of  ATP;  the  pre- 
steady  state  kinetics  of  HMM  and  ATP,  from  the  standpoint  of  fluorescence 
changes  and  proton  release;  and  the  control  of  the  "contraction"  cycle  by  the 
troponin-tropomyosin  system. 

Previous  studies  demonstrated  that  whereas  the  Mg++  ATPase  of  unmodified  HMM 
is  activated  about2200-fold  by  actin,  the  sulfhydryl  blocked  HKftl  (NEM)  is 
activated  only  about  3-fold.  Ultracentrifuge  studies,  verified  by  viscosity 


and  turbidity  measurements  have  demonstrated  that  in  the  presence  of  ATP 
and  relatively  low  KCl  concentrations  considerably  less  binding  of  the  NEM- 
HMM  to  actin  occurs  as  compared  to  the  unmodified  HMM.  Furthermore  when  the 
actin  concentration  is  varied  there  is  no  correlation  between  this  small 
amount  of  binding  and  the  actin  activated  ATPase.  On  the  other  hand,  in  the 
absence  of  ATP  the  binding  of  NEM-HMM  to  actin  is  comparable  to  that  of 
unmodified  HMM.  All  of  these  studies  indicate  that  as  with  normal  H>W, 
NEM-HMM  in  the  presence  of  ATP  exists  most  of  the  time  in  a  refractory  state 
and  only  a  small  part  of  the  time  in  a  non- refractory  state  which  can 
interact  with  actin.  It  thus  appears  that  the  major  rate  limiting  step 
during  actin  activation  is  the  transition  from  the  refractory  to  non- 
refractory  state  and  that  this  transition  is  slower  with  NEM  modified  HMM, 
suggesting  a  different  conformational  state  for  NEM-HMM  in  the  presence  of 
ATP. 

A  number  of  studies  have  been  published  on  the  pre-steady  state  changes 
occurring  in  this  system;  these  have  involved  phosphate  release,  proton 
release  and  fluorescence  changes  in  the  interaction  with  ATP.  While  the 
qualitative  characteristics  of  the  rapid  changes  in  fluorescence  of  myosin 
on  interacting  with  ATP  and  the  rapid  initial  release  of  phosphate  and  H* 
are  well  established,  there  are  unresolved  questions  of  stoichiometry  and 
the  relationship  between  these  three  parameters.  Our  recent  studies  on 
pre-steady  state  kinetics  have  employed  a  method  of  simultaneously  measuring 
both  pre-steady  state  and  steady  state  kinetics  to  study  the  H+  release  and 
fluorescence  changes  which  occur  following  the  addition  of  ATP  to  HMM. 
Following  addition  of  ATP,  the  [H+]  and  fluorescence  both  showed  rapid 
exponential  increases,  the  rate  constant  of  which  was  proportional  to  the 
ATP  concentration  and  showed  no  sign  of  leveling  off  even  at  relatively  high 
ATP  concentrations.  Therefore  the  rate  of  the  initial  H+  release  and 
fluorescence  change  appear  to  be  equal  to  the  rate  of  ATP  binding  rather  than 
to  the  rate  of  initial  ATP  hydrolysis  which  is  reported  to  level  off  at 
relatively  low  ATP  concentration.   We  also  studied  the  magnitude  of  the 
initial  H+  release  and  fluorescence  change  as  a  function  of  ATP  concentration. 
Both  leveled  off  abruptly  when  the  [ATP]  equalled  the  concentration  of  HMM 
heads  and  the  magnitude  of  the  initial  H+  release  was  always  0.4  H+  per 
ATP  bound  when  the  ATP  was  equal  to  or  less  than  the  concentration  of  HMM 
"heads".  This  was  followed  by  a  slow  exponential  release  of  H+  the  rate  of 
which  equalled  the  steady  state  ATPase  and  the  total  H+  release  was  equal  to 
the  ATP  concentration.   We  have,  so  far,  not  investigated  the  formation  of 
acid  labile  phosphate,  the  "initial  burst"  of  phosphate  release,  this 
appears  to  occur  in  a  later  step  of  the  kinetic  cycle. 

At  present,  the  initial  proton  release  and  fluorescence  change  appear  to  be 
related  to  a  conformational  change  on  binding  of  ATP  to  HMM,  the  fractional 
value  of  0.4  H+  per  ATP  suggests  that  either  there  are  two  populations  of 
active  sites  on  HMM  or  that  this  is  related  to  a  statistical  combination  of 
the  H+  release  due  to  binding  and  the  steady  state  release  of  H+  by  hydrolysis, 
coupled  with  a  conformational  cycle  of  the  myosin. 

Since  the  question  has  repeatedly  arisen  during  the  course  of  this  research 
whether  the  "refractory  state"  and  the  non- stoichiometric  release  of  H+ 
in  the  pre-steady  state  are  related  to  different  populations  of  myosin 
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molecules  as  normally  Isolated  we  performed  experiments  in  the  analytical 
centrifuge  using  a  special  separation  cell.  Analysis  of  the  characteristics 
of  the  supernatant  free  HMM  indicated  that  its  properties  were  the  same  as 
those  of  the  original  FWM  and  that  it  is  transiently  in  the  refractory  state 
when  spatially  separated  from  actin  in  the  ultracentrifuge.  It  thus  appears 
that  while  results  from  other  laboratories  indicate  that  myosin  as  normally 
isolated  is  molecularly  heterogeneous  this  heterogeneity  is  not  responsible 
for  the  results  we  have  obtained. 

While  contraction  per  se  involves  only  actin,  myosin  and  ATP,  control  of  the 
contraction  cycle  involves  the  release  and  uptake  of  Ca++  by  the  sarcoplasmic 
reticulum  in  response  to  excitation  and  a  subsequent  Ca"*"*"  sensitive 
interaction  of  a  complex  of  proteins  called  "native  tropomyosin"  with  the 
actin  filaments. 

In  previous  studies  we  succeeded  in  fractionating  native  tropomyosin  into 
its  component  factors  and  have  investigated  the  activity  of  each  of  these 
components  in  the  actin-HMM-ATP  system.  Initial  fractionation  of  native 
tropomyosin  into  two  fractions,  troponin  and  tropomyosin  was  effected  by 
hydroxy lapatite  chromatography.   In  addition,  in  this  procedure  tropomyosin, 
first  isolated  and  purified  by  Bailey  in  the  late  1940' s,  was  found  to  consist 
of  two  components  on  the  basis  of  subunit  structure,  both  components  having 
identical  properties  in  the  test  system.  Troponin  was  subsequently  fraction- 
ated into  three  components,  troponins  I,  T,  and  C,  by  DEAE-Sephadex  chroma- 
tography in  the  presence  of  urea.   In  the  present  study  we  investigated  the 
activity  of  the  three  troponin  components,  I,  T,  and  C,  with  and  without 
tropomyosin.   It  was  found  that  in  addition  to  the  usual  inhibition  of  the 
actin-Hm-ATPase  by  the  combination  of  tropomyosin  and  troponin  I,  the 
ATPase  is  also  inhibited  by  the  combination  of  troponins  I  and  T  alone.  In 
both  cases  the  inhibition  is  reversed  by  troponin  C  --  the  Ca++  binding 
protein  —  but  this  reversal  is  insensitive  to  the  presence  or  absence  of 
Ca++.  For  Ca++  sensitivity  in  the  systan,  all  four  components  must  be 
present.  At  5mM  Mg++  tropomyosin  alone  inhibits  the  actin-HMM-ATPase  but 
has  no  effect  at  ImM  Mg++.  Direct  binding  studies  using  1^25  labeled 
tropomyosin  demonstrated  that  the  binding  of  tropomyosin  to  F  actin  is 
strong  under  the  former  circumstances  but  weak  under  the  latter.  Under  the 
latter  conditions  direct  binding  studies  indicate  that  troponin  I  greatly 
strengthens  the  binding  of  tropomyosin  to  actin.  These  results  suggest 
that  troponin  I  may  directly  affect  the  structure  of  F- actin  which  in  turn 
strengthens  the  tropomyosin  binding.  Our  results  suggest  that  the  mechanism 
of  action  of  troponin- tropomyosin  may  be  more  complex  than  as  has  previously 
been  assumed  the  troponin  acting  on  tropomyosin  which  in  turn  acts  on 
actin.  Rather  the  troponin  itself  may  have  a  direct  effect  on  the  actin 
filament  with  tropomyosin  enhancing  and  modifying  this  effect. 

Studies  of  the  proteolytic  fragmentation  of  bovine  and  human  fibrinogen. 

A  detailed,  comparative  study  was  undertaken  of  the  fragmentation  of 
bovine  and  hianan  fibrinogen  by  trypsin  and  by  plasmin.  The  fragmentation 
process  was  related  to  the  number  of  bonds  cleav.d,  as  determined  in  the 
pH-stat,  and  in  serially  inhibited  digests  the  large  fragments  were  determinea 
quantitatively  by  SDS-polyacryl amide  gel  electrophoresis,  followed  by 
direct  UV-scanning  of  the  gels.  The  general  pattern  of  degradation  is  the 
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same  with  all  four  systems  investigated  and  demonstrate  the  presence  of  well 
defined  structural  subunits  in  the  molecule.  There  are  important  differences, 
however,  in  the  number  of  bonds  cleaved  in  each  case  and  in  the  rate  of 
appearance  of  the  fragments.  Computer  analysis  of  the  kinetic  data  is  in 
progress  and  hopefully  will  shed  light  on  the  structural  features  under- 
lysing  the  similarities  and  differences  of  the  four  systems  studies. 

Respiration  in  E.  coli. 

Cytochrome  b  of  mammalian  electron  transport  chains  has  recently  been 
shown  to  exist  in  at  least  two  separate  molecular  forms.  The  redox  potential 
of  one  of  these  appears  to  be  ATP- dependent,  being  shifted  'V'SOOgiV  depending 
on  the  phosphate  potential.  Chance  and  colleagues  have  proposed  that  this 
cytochrome  directly  participates  in  energy  transduction  and  is  in  fact  a 
component  of  the  heretofore  uncharacterized  chemical  high  energy  intermediate 
of  respiration.   In  this  laboratory  potentioraetric  titrations,  of  the  respira- 
tory chain  of  E.  coli  have  been  performed  and  it  has  been  found  that 
cytochrome  b^  of  this  organism  exists  in  three  forms  having  redox  potentials 
of  +220mV,  +105mV  and  -40mV  relative  to  the  hydrogen  electrode.   With  1% 
deoxycholate  all  of  the  low  potential  species  can  be  solubilized,  about 
50%  of  the  intermediate  potential  species  and  about  10%  of  the  high  potential 
species.  The  redox  potentials  of  these  cytochromes  is  the  same  on  or  off 
of  the  plasma  membrane.  The  electron  transport  chain  of  E.  coli  has  been 
fractionated  and  cytochrome  bi  is  present  in  three  separate  species.  One  of 
these  appears  to  be  free  from  other  members  of  the  electron  transport  chain, 
one  is  tightly  associated  with  succinate  dehydrogenase,  and  one  is  associated 
with  cytochrome  oxidase  (cytochromes  d  and  aj) .  Our  aim  is  to  identify  each 
of  these  species  with  the  three  redox  potentials  deduced  to  be  present  from 
potentiometric  titrations  of  the  intact  electron  transport  chain  and  to 
determine  if  the  redox  potential  of  one  is  ATP- dependent. 

DNA  synthesis  in  E.  Coli. 

With  the  aim  of  trying  to  isolate  a  DNA- synthesizing  system  associated 
with  the  plasma  membrane  of  E.  coli,  a  high  level  of  DNA- synthesizing 
activity  was  found  in  a  particulate  fraction  containing  small  membrane 
vesicles.  This  system  preferred  native  to  heat  denatured  DNA  as  template  and 
was  stimulated  by  ATP.   By  the  use  of  mutants,  specific  inhibitors  and 
antibody,  we  identified  the  enzymes  responsible  for  the  overall  activity  as 
Romberg's  DNA  polymerase  1  and  an  ATP- stimulated  DNase  controlled  by  gene 
locations  rec  B  and  rec  C.  When  using  conditions  favorable  for  free  DNA 
polymerase  I,  this  system  was  found  only  in  a  sedimentable  form.  Under 
conditions  favorable  for  ATP- stimulated  synthesis,  however,  the  predominant 
activity  was  found  in  the  soluble  form.  The  particulate  activity  is 
solubilized  by  pancreatic  DNase.  The  activity  has  been  solubilized  in  the 
form  of  an  enzyme  complex  of  molecular  weight  'V'Sgo.OOO.  This  complex  is 
composed  of  DNA  polymerase  1  (M.W.'V'109,000)  and  recBC  DNase  CM.W.'\'270,000)  . 
Evidence  for  similar  high  molecular  weight  complexes  involving  DNA  poly- 
merases 2  and  3  was  obtained.  The  isolated  complex  in  high  salt  can  be 
dissociated.  Current  research  is  directed  at  trying  to  define  conditions 
for  reconstituting  the  complex  from  its  individual  components  and  determining 
the  length  of  DNA  segment  that  can  be  synthesized  by  the  complex. 
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July  1,  1973  through  June  30,  1974 

Project  Title:  Resolution  and  characterization  of  the  electron 

transport  chain  of  E.  coli. 

Previous  Serial  No.:     NHLI-16 

Principal  Investigator:  Richard  W.  Hendler 

Other  Investigators:     Amelia  B.  Burgess 
David  W.  Tovme 

Project  Description: 

Ob j  ectives : 

1.  To  define  the  electron  transport  chain  in  terms  of  components  and  their 
sequence. 

2.  To  dissolve,  isolate,  and  characterize  the  components  and  to  reconstruct 
a  functional  chain  from  the  isolated  components. 

3.  To  study  the  possibility  that  energy  transduction  directly  involves 
cytochrome  bi. 

Methods  Employed  and  Major  Findings: 

A.  Fractionation  and  reconstitution  of  the  electron  transport  chain. 
Components  of  the  electron  transport  chain,  including  dehydrogenases,  non 
heme  iron  proteins  and  cyotchrome  bi,  were  solubilized  with  0.4  to  0.5% 
deoxycholate  (DOC)  and  fractionated  on  chromatographic  columns.  A  1%  DOC 
extract  of  the  residue  from  above  contained  additional  cytochrome  bi  plus 
cytochrome  oxidase  (cytochromes  ai  and  d).  These  three  cytochromes  migrated 
together  in  a  DEAE  cellulose  column.  All  cytochrome- containing  fractions 
were  characterized  by  low  temperature  difference  spectroscopy.  An  apparent 
reconstitution  of  cyanide!<sensitive  succinoxidase  activity  was  obtained  by 
mixing  a  crude  succinate  dehydrogenase:  cytochrome  b^  preparation  with  a 
crude  preparation  of  cytochrome  oxidase  (a  (0.6-0.4)%DOC  extract),  diluting 
with  Mg+*- containing  buffer  and  centrifuging  to  obtain  a  pellet. 

B.  Establishment  of  redox  potential (s)  for  cytochrome (s)  bi.  Equipment  was 
designed  and  constructed  for  the  simultaaeous  measurement  of  the  oxidizing 
potential  of  a  suspension  and  the  optical  absorption  of  particular  cytochror'es. 
A  computer-assisted  approach  was  established  for  re'^olving  the  collectesi 

data  in  terms  of  number  of  individual  cytochromes  present,  their  respective 
concentrations  and  their  redox  potentials.  We  have  found  the  existence  of 
three  forms  of  cytochrome  bi  in  the  electron  transport  chain  with  approximately 
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39%  of  the  total  having  a  redox  potential  (at  pH7)  of  about  +225mV,  33%  having 
a  potential  of  +105mV  and  28%  having  a  potential  of  -40mV.  All  of  the  -40inV 
component,  about  1/2  of  the  +105mV  component  and  about  1/10  of  the  +225mV 
component  can  be  released  from  the  membrane  with  1%  DOC.  ATP  does  not  alter 
the  redox  potential  of  any  of  these  components  in  the  crude  fractions 
analyzed  so  far,  perhaps  because  of  high  endogenous  ATPase  activity  (which 
we  have  measured) .  We  have  repeated  the  observations  of  Chance  and  col- 
leagues on  the  apparent  existence  of  a  cytochrome  b  species  of  rat  liver 
mitochondria  whose  redox  potential  is  ATP- dependent.  However,  our  computer 
analysis  of  this  data  suggests  alternative  explanations  of  the  data. 

Proposed  Course  of  Research.   1)  To  assign  each  of  the  three  redox  potentials 
of  cytochrome  b^  to  each  of  the  isolated  cytochrome  bi-containing  fractions 
(cytochrome  bi,  cytochrome  bl: succinate  dehydrogenase,  cytochrome  bj: 
cytochrome  oxidase.  2)  To  see  if  the  redox  potential  of  any  of  the  three  is 
ATP- dependent.  3)  To  establish  the  redox  potentials  for  other  members 
of  the  electron  transport  chain.  4)  To  define  conditions  for  reconstituting 
the  electron  transport  chain  from  its  components. 

Significance  to  Bio-Medical  Research:  We  are  interested  in  the  role  of  the 
membrane  in  organizing  complex  metabolic  pathways.   In  electron  transport 
many  different  macromolecules  must  function  in  a  sequential  manner.  The 
efficient  use  of  the  liberated  energy  requires  the  participation  of  several 
other  (undefined)  components.  A  further  integration  with  energy- requiring 
systems  (protein  synthesis,  DNA  synthesis,  transport)  may  occur  in  the 
membranes.  An  understanding  of  the  manner  of  efficiently  organizing  complex 
enzyme  systems  could  lead  to  a  better  understanding  of  cellular  function. 

Publications: 

Hendler,  R.W.  and  Burgess,  A.H.:  Fractionation  of  the  electron  transport 

chain  of  Escherichia  coli.  Biochim.  Biophys.  Acta,  (1974)  (in  press) . 

Hendler,  R.W.  Protein  Disposition  in  Biological  Membranes  in  Biomembranes 
(ed.  L.A.  Manson)  Plenum  Press,  New  York  (1974). 
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Project  Title:  DNA  synthesis  in  E.  coli. 

Previous  Serial  No.      NHLI-17 

Principal  Investigators:  Richard  W.  Hendler 
Raymond  Scharff 

Other  Investigator:      Amelia  B.  Burgess 

Project  Description: 

Objectives:  1)  To  study  ATP- stimulated  DNA  synthesis  in  gently  disrupted 
spheroplasts  of  E.  coli;  2)  To  define  further  the  nature  of  the  system  and 
its  product;  3)  To  try  to  define  the  physiological  role  of  the  synthesizing 
system. 

Methods  Employed  and  Major  Findings: 

Background:  We  have  obtained,  from  gently  disrupted  spheroplasts  of  E.  coli, 
a  particulate  fraction  (P3)  that  is  active  in  DNA  synthesis.  The  synthesizing 
system  prefers  native  over  denatured  DNA  templates,  is  stimulated  by  ATP, 
is  present  in  a  structure  J^ISOXIO^M.W. ,  is  separable  from  most  of  the  cell 
membrane  and  depends  on  DNA  polymerase  I  activity  and  the  product  of  the 
recBC  genes.  The  continuing  investigation  is  directed  to  further  characterize 
the  system  and  to  isolate  the  molecular  component (s?)  involved. 

A.  Studies  with  the  crude  system:  ATP- stimulated  DNA  synthesis  in  our 
system  depends  on  the  presence  of  DNA  polymerase  I  and  the  recBC  DNase. 
A  problem  that  was  difficult  to  solve  was  why  we  found  this  activity  in  a 
particulate  fraction  (P3)  but  not  in  the  soluble  fraction  (S3)  although  the 
soluble  fraction  was  well  supplied  with  both  enzymes.  The  answer  turned 
out  to  be  that  under  conditions  favorable  for  free  polymerase  I  activity, 
a  high  nuclease  activity  in  S3  raised  the  basal  (non  ATP- stimulated) 
activity.  When  we  defined  new  conditions  optimal  for  ATP- stimulated  activity, 
both  P3  and  S|j  gave  high  and  comparable  levels  of  ATP- stimulated  activity. 
Work  described  below  shows  that  the  activity  resides  in  a  complex  containing 
both  DNA  polymerase  I  and  the  recBC  DNase-ATPase.  Preliminary  experiments 
to  define  conditions  for  taking  apart  and  reconstituting  the  complex,  show 
that  high  salt  (280mM  KCl)  will  liberate  free  polymerase.  Subsequent 
dilution  of  the  crude  system  in  high  salt  (to  70.iJvI  KCl)  le;  Is  to  a  recovery 
of  all  ATP- stimulated  activity  presumably  by  reforming  the  complex.  We  are 
trying  to  acoonplish  this  reconstitution  with  isolated  components.  Neutral 
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and  alkaline  CsCl  gradients  were  run  to  determine  the  length  of  DNA  fragment 
synthesized  by  the  system.  Our  present  estimates  are  that  mainly  fragments 
of  about  IO6M.W.  are  made  although  some  larger  fragments  also  appear  to  be 
present.  Free  polymerase  I  is  not  capable  of  such  extensive  synthesis  with 
duplex  DNA. 

B.  Studies  with  isolated  complex:  Balance  studies  show  that  essentially  all 
of  the  DNA  polymerase  activity  of  E.  coli  cell  homogenates  is  present  in  the 
form  of  a  complex  of  '\'390,000M.W.  An  optimal  medium  for  the  activity  of 
this  complex  was  defined.  The  complex  was  isolated  from  a  series  of  mutants 
in  order  to  study  certain  properties.  A  pol  A^    (missing  DNA  polymerase  I) 
dnaE^g  Cthermosensitive  for  DNA  polymerase  III)  double  mutant  yielded  a 
thermosensitive  ATP- stimulated  complex,  thus  providing  evidence  for  a  DNA 
polymerase  III  complex.  A  dnaBts   (thermosensitive  for  a  DNA-dependent 
ATPase)  mutant  was  not  thermosensitive  for  ATP- stimulated  DNA  synthesis 
whereas  a  recBts  (thermosensitive  for  recBC  exonuclease  but  not  ATPase) 
mutant  was  partially  thermosensitive,  thus  indicating  the  possible  importance 
of  the  ATPase  rather  than  the  exonuclease  function  of  recBC  enzyme.  Polyacryl- 
amidegel    electrophoresis  of  the  isolated  complex  and  of  isolated  recBC 
enzyme  and  commercial  DNA  polymerase  I  provided  further  support  for  the 
presence  of  these  enzymes  in  the  complex. 

Proposed  Course  of  Research: 

1.  To  define  conditions  for  taking  apart  and  reconstituting  the  ATP- 
stimulated  DNA  synthesizing  complex. 

2.  To  place  accurate  limits  on  the  size  of  DNA  synthesized  by  the  complex. 

3.  To  use  various  specific  kinds  of  DNA  templates  to  help  determine  the 
physiological  substrate  for  the  complex. 

Significance  to  Bio-Medical  Research:   The  mechanism  of  DNA  replication  has 
not  been  elucidated.  We  believe  the  problem  may  be  that  harsh  methods  used 
for  preparing  cell  extracts  have  destroyed  delicate  structural  associations. 
If  the  methods  we  have  developed  lead  to  an  active  in  vitro  DNA  replication 
system,  it  should  be  possible  to  learn  more  about  this  vitally  important 
phase  of  cellular  growth. 

Publications: 

Hendler,  R.W. :  Protein  synthesis  on  membrane- bound  polyribosomes  in 

Biomembranes,  Vol.  5  (ed.  L.  Manson)  Plenum  Press,  New  York  (1974). 
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Project  Description: 

Objective:  Extensive  studies  have  been  performed  on  the  digestion  of  bovine 
fibrinogen  by  trypsin  in  our  laboratory  and  of  human  fibrinogen  by  plasmin 
in  other  laboratories.  The  similarities  and  differences  between  the  degrada- 
tion of  fibrinogen  from  two  different  species  with  two  different  enzymes  may 
be  helpful  in  the  elucidation  of  the  structure  of  fibrinogen.  However,  for 
a  legitimate  comparison  these  experiments  should  be  performed  preferably  in 
the  same  laboratory,  by  the  same  techniques,  at  about  the  same  time,  to 
secure  uniformity  of  conditions  and  to  avoid  possible  differences  due  to 
variations  in  either  substrate  or  enzyme.  With  these  objectives  in  mind, 
a  comparative  study  was  undertaken  of  the  digestion  of  bovine  and  of  human 
fibrinogen  by  trypsin  and  of  the  digestion  of  the  same  two  proteins  by 
plasmin. 

Methods  Employed  and  Major  Findings; 

The  digestion  reaction  was  followed  in  the  pH-stat  and  at  various  stages 
it  was  stopped  by  soy  bean  inhibitor.  The  arrested  samples  were  analyzed  by 
SDS-polyacrylamide  gel  electrophoresis,  using  UV-scanning  to  quantitate  the 
components.  The  low  molecular  weight  digestion  products  were  estimated  after 
TCA  precipitation  of  the  protein  fraction.  These  products  were  finger 
printed  and  their  amino  acid  composition  was  determined. 

The  pH-stat  studies  showed  that  the  reaction  can  be  resolved  into  a  fast 
reaction  and  a  slow  reaction  with  all  four  systems  studied.  These  are 
followed  by  a  much  slower  process  which  can  be  neglected  during  the  duration 
of  the  former  two.  Moreover,  all  the  important  events  of  the  fragmentation 
of  the  molecule  happen  during  the  fast  aid  the  slow  reactions.  Although 
thi  gsneral  appearance  of  the  reaction  is  similar,  there  are  important 
quantitative  differences  between  the  four  systems  investigated.  These 
are  shown  on  the  following  table: 
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Enzyme        Reaction      Number  of  Bonds  Cleaved  per  mole  of  fibrinogen 

Bovine  Fibrinogen       Human  Fibrinogen 

Trypsin         Fast  12  20 

Slow  80  73 


Sum  92  93 

Plasmin        Fast  2  25 

Slow  54  34 


Sum  56  59 

The  total  number  of  bonds  cleaved  is  the  same  in  bovine  as  in  human  fibrinogen. 
However,  there  are  more  bonds  cleaved  in  the  fast  reaction  with  human 
fibrinogen  than  with  the  bovine  one.  This  applies  to  both  the  trypsin  and 
more  so  to  the  plasmin  digestion.  Further,  in  the  plasmin  digestion  there 
are  only  about  2/3  as  many  bonds  split  as  in  the  trypsin  digestion. 

The  SDS-gel  electrophoresis  scans  of  the  arrested  digests  showed  that  in  all 
four  cases  the  well  known  pattern  of  fragmentation  is  follows:  Fibrinogen->- 
Fragment  X;  Fragment  X-»-Fragment  Y  +  Fragment  D;  Fragment  Y-»-Fragment  D  + 
Fragment  E.  A  number  of  high  MW  peptides  (16-25,000)  and  of  low  MW  peptides 
(<10,000)  also  appear  during  these  steps.  Although  the  general  pattern  is 
the  same,  there  are  distinct  differences  in  the  rate  of  appearance  of  all 
these  fragments.  A  final  stage  characterized  by  the  presence  of  only  D 
and  E  fragments  and  peptides  is  reached  when  the  number  of  bonds  cleaved 
in  the  fast  and  slow  reactions  reaches  70%  of  the  total  with  bovine  fibrinogen. 
On  the  other  hand,  with  human  fibrinogen  this  stage  is  reached  only  well 
after  the  complete  cleavage  of  these  bonds.  With  plasmin  digestion  the 
final  stage  is  reached  with  both  proteins  at  about  50%  completion  of  the 
cleavage  of  the  bonds  in  the  fast  and  slow  reactions.  Thus,  the  latter 
enzyme  with  cleavage  of  only  26-28  bonds  accomplishes  the  same  result  that 
trypsin  does  with  splitting  of  64  bonds  with  bovine,  or  of  more  than 
90  bonds  with  human  fibrinogen. 

The  appearance  of  the  low  MW  peptides  is  also  different.  These  are  probably 
localized  in  the  connecting  segments  between  the  D  and  E  fragments.   By 
analogy  with  myosin  and  X-globulin  these  may  be  called  the  hinge  peptides. 
The  percent  of  optical  density  appearing  at  the  end  of  the  fast  and  slow 
reactions  in  the  TCA  soluble  fraction  is  given  below  for  the  four  systems 
studied: 

Enzyme  Percent  o.d.  in  TCA  soluble  peptides 

Bovine  Fibrinogen  Human  Fibrinogen 
Trypsin  7.2  13.2 

Plasmin  4.9  7.0 

The  values  are  higher  for  human  than  for  bovine  fibrinogen.  A  plot  of  the 
appearance  of  TCA  soluble  optical  density  as  a  function  of  time  shows  that 
the  difference  between  the  two  is  caused  by  an  initial  burst  with  human  fibro- 
gen,  followed  by  a  nearly  identical  course  for  the  two.   It  appears  that 
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during  the  early  stages  of  the  reaction  there  is  a  peptide (s)  rich  in 
aromatic  aoino  acids  liberated  from  human  fibrinogen,  which  is  absent  in  the 
bovine  protein. 

The  amino  acid  analysis  of  the  tryptic  hinge  peptides  is  fairly  similar 
for  both  bovine  and  human  fibrinogen.  A  total  of  approximately  510  and 
590  amino  acid  residues  per  mole  of  fibrinogen  are  liberated  respectively. 
In  both  peptide  fractions  half  cystine  is  absent.  The  sum  of  lysine  and 
arginine  residues  corresponds  to  the  number  of  bonds  cleaved  in  the  slow 
reaction.  This  means  that  all  the  bonds  cleaved  during  fragmentation  are 
localized  in  the  hinge  regions  and  no  internal  splits  in  the  large  fragments 
occur. 

The  peptide  maps  of  the  tryptic  peptides  show  about  one  half  as  many  spots 
as  there  a»e  lysine  and  arginine  residues  in  this  fraction.  This  is  in 
agreement  with  the  proposed  two- fold  symmetry  of  the  molecule.  The  human 
and  the  bovine  peptide  maps  show  only  about  50%  matching  spots.  This  indicates 
that  this  region  of  the  molecule  is  at  least  as  variable  as  are  the 
f ibrinopeptides . 

Significance  to  Bio-Medical  Research:  Determination  of  the  scheme  of 
degradation  of  fibrinogen  during  fibrinolysis . 

Proposed  Course  of  Research:   In  collaboration  with  R.  Shrager  of  the 
Physical  Science  Laboratory,  DCRT,  NIH,  mathematical  models  will  be 
constructed  for  the  fragmentation  processes.  This  is  nearly  completed 
for  the  trypsin  digestion  of  bovine  fibrinogen.  Comparison  of  the  best 
fitting  models  for  the  four  processes  studied  may  reveal  the  causes  of  the 
differences  observed  with  bovine  and  human  fibrinogen. 

Publications: 
None 
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Project  Description: 


Objectives:  Myosin,  the  basic  contractile  protein  which  hydrolyzes  ATP  as 
its  main  energy  source  during  the  muscular  contractile  process,  has  been 
studied  extensively  and  yet  many  controversies  over  some  of  its  basic  steps 
in  the  catalytic  process  remain.  It  is  important  to  resolve  these  contro- 
versies before  more  meaningful  understanding  of  the  contractile  cycle  can 
be  achieved. 

While  the  publications  in  the  pre-steady  state  kinetics  of  myosin-Mg-ATPase 
using  different  fast  flow  techniques  have  been  numerous,  questions  remain, 
(1)  whether  the  first  ATP  that  binds  to  the  active  site  is  hydrolyzed 
very  quickly  as  has  been  claimed  by  Taylor  et  al.;  (2)  whether  the  fast  pre- 
steady  state  fluorescence  change  observed  by  Trentham  et  al.  is  in  any  way 
related  to  the  initial  H+  burst  as  reported  by  Tonomura  et  al.  and  Taylor 
et  al.;(3)  whether  the  amount  of  H+  released  in  the  pre-steady  state  is  in 
excess  of  the  total  H+  released  in  the  hydrolysis  of  ATP;  (4)  whether  the  H+ 
and  fluorescence  bursts  are  related  to  the  formation  of  the  acid- labile 
"Myosin-ATP"  complex  which  has  been  described  as  the  phosphate  burst. 

Methods  Employed  and  Major  Findings: 

Heavy  meromyosin  (HMM) ,  a  proteolytic  fragment  of  myosin,  not  only  retains 
its  Mg-ATPase  catalytic  characteristics,  but  also  provides  the  advantages 
of  better  solubility  in  low  ionic  strength  solutions  and  lower  viscosity  than 
myosin.  Therefore  HMM  is  used  in  place  of  myosin  in  our  investigations.   In 
order  to  correlate  results  from  both  the  fluorescence  and  the  dye- linked  H+ 
detection  methods,  experiments  are  carried  out  under  similar  conditions.  To 
relate  the  presteady  state  and  steady  state  H+  release  stoichiometry,  a  new 
approach  is  employed  by  simultaneously  monitoring  both  the  pre-steady  state 
and  steady  state  reactions.  This  technique  allows  us  to  see  the  course  of 
fluorescence  changes  and  the  course  of  H+  release  from  the  time  the  enzyme 
and  substrate  are  mixed  to  the  time  when  all  the  substrate  has  been  consiimed. 
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In  the  pre- steady  state,  both  the  fluorescence  and  H+  burst  magnitudes  exhibit 
direct  pr(^ortionality  between  the  concentrations  of  HhM  and  ATP,  with  maxima 
corresponding  to  the  points  where  [ATP]-2X[»W] .  This  can  be  interpreted  as 
that  there  are  two  active  sites  (or  heads)  in  each  »W  molecule  and  that  both 
the  fluorescence  and  the  H+  bursts  exhibit  maximum  amplitudes  when  both  heads 
are  saturated,  or  1  ATP  bound  per  HMM  head. 

In  the  case  when  [ATP] < [HMM  heads],  the  pre- steady  state  H+  burst  is  followed 
by  a  slow  exponential  release  of  H+.  This  is  as  expected  because  under  this 
condition,  d[ES]is  not  equal  to  zero,  and  thus  no  steady  state  can  be  observed; 

at~ 

but  rather  a  first  order  reaction  of  the  type  <^[H*]  =  k[ES]  is  observed.  This 

dt 
first  order  rate  constant,  k<,at.  has  a  value  of  0.016S-1.  When  [ATP]>[HMM 
heads],  a  steady  state  if  observed  with  a  rate  constant  equal  to  kg^^  for  each 
HMM  head,  which  means  that  both  heads  act  independent  of  each  other  in  the 
steady  state. 

When  the  steady  state  Vmax  is  equated  with  the  Vmax  obtained  with  the  pH-stat 
method,  the  stoichiometry  of  both  the  pre-steady  state  and  steady  state  H* 
release  can  be  accurately  evaluated.  Under  the  condition  when  [ATP] i [VMU 
heads],  the  stoichiometry  of  H+  release  is  always  such  that  0.4  H+  per  ATP 
is  released  in  the  burst  and  0.6  H+  per  ATP  is  released  in  the  slow  exponential 
phase,  with  a  total  of  1  H*  released  per  ATP  hydrolyzed  at  pH8,  25*C. 

Furthermore,  the  rates  of  both  the  fluorescence  and  the  H*  burst  exhibit  a 
second  order  relationship  with  a  rate  constant  of  7X105M-1  S"l.  This  rate 
does  not  level  off  even  when  the  ATP  added  is  increased  to  ImM.  This  result 
is  in  contradiction  with  the  result  reported  by  Taylor  et  al.  who  claimed 
that  the  rate  of  H+  initial  burst  levels  off  at  160  S-1  when  lOOpM  of  ATP  is 
added.  This  result  was  taken  by  them  as  an  indication  that  the  first  mole- 
cule of  ATP  is  hydrolyzed  very  quickly  by  myosin. 

;  In  the  light  of  our  results,  both  the  fluorescence  and  the  H+  burst  are 
'  probably  not  related  to  the  hydrolysis  step,  or  phosphate  burst,  but  rather 
'  reflect  the  change  of  pk  of  certain  ionizable  group  on  the  myosin  molecule 
as  a  result  of  conformational  change  accompanying  the  binding  of  ATP.  This 
fact  is  further  supported  by  the  fact  that  under  the  same  condition,  ADP 
also  give  rise  to  H+  and  fluorescence  burst  of  comparable  magnitude. 

Proposed  Course  of  Research:  Controversies  still  exist  in  the  rate  and 
stoichiometry  of  the  formation  of  the  acid  labile  myosin  substrate  complex  as 
measured  by  the  method  of  phosphate  burst.  We  therefore,  will  attempt  to 
study  this  phenomena  in  conjunction  with  both  the  fluorescence  and  the  H+ 
burst  to  see  if  they  all  reflect  the  same  kinetic  event.  Efforts  will  also 
be  concentrated  on  the  ionic  strength  and  pH  effects  of  the  pre-steady 
state  bursts  since  the  ionization  of  protein  side  chain  would  be  sensitive 
to  these  effects.  The  effects  of  temperature  and  substrate  analogues  will 
also  be  investigated.  The  use  of  native  myosin  and  proteolytic  subfragment-1 
(S-1)  will  also  be  compared  and  verified  so  that  a  unified  catalytic  mechanism 
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will  be  attained  for  myosin-Mg-ATPase.  Since  muscle  contraction  also  includes 
other  proteins  such  as  actin,  tropomyosin,  and  troponin,  the  interaction  of 
myosin  with  these  other  proteins  will  also  be  investigated  with  our 
techniques. 

Significance  to  Bio-Medical  Research:  This  work  is  aimed  at  gaining  better 
understanding  and  clarifying  the  current  kinetic  mechanism  of  myosin-Mg-ATPase, 
and  subsequently  the  mechanism  of  muscle  contraction  itself.  The  techniques 
applied  here  is  not  only  applicable  to  various  types  of  muscle,  including 
heart  muscle,  but  also  to  other  enzymes  which  exhibit  both  a  pre-steady 
state  and  steady  state  catalytic  steps. 

Publications:  None. 
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Project  Description: 


Objectives:  The  interaction  of  myosin  and  actin  in  the  presence  of  ATP  is 
the  central  reaction  involved  in  muscle  contraction.   In  order  to  under- 
stand this  reaction  experiments  were  performed  on  actin  and  HMM  which  is  a 
proteolytic  digestion  product  of  myosin.   It  was  demonstrated  that  the 
actin  can  activate  the  HfftI  ATPase  200- fold  while  a  large  fraction  of  JMl 
remains  not  bound  to  actin.  Since  it  was  demonstrated  in  this  laboratory 
that  NEM-SH-1  blocked  IfW  was  only  3-fold  activated  by  actin  experiments 
were  performed  to  find  which  step  in  the  actin  activation  of  neM-HMM  ATPase 
was  blocked.  In  the  present  study  we  used  an  analytical  ultracdntrifuge  to 
investigate  the  binding  of  NEM-HMM  to  actin  both  in  the  presence  and  absence 
of  ATP.  Viscosity  and  turbidity  studies  were  also  performed  under 
conditions  of  maximal  actin  activation  to  determine  the  amount  of  inter- 
action between  actin  and  NEM-HMM. 

Methods  Employed  and  Major  Findings: 

As  was  previously  described  by  Eisenberg  et  al.  the  analytical  ultra- 
centrifuge  can  be  used  to  study  the  binding  of  actin  to  HMM  in  the  presence 
of  ATP.  Our  studies  demonstrate  that  in  the  presence  of  ATP  under  conditions 
of  maximal  actin  activation  of  the  NEM-HMM  less  than  50%  of  the  NEM-HfW  is 
bound  to  actin  in  the  absence  of  KCl  and  less  than  10%  is  bound  at  25  or 
50nM  KCl.  Furthermore,  as  the  [actin]  is  varied  even  the  limited  binding 
observed  doesn't  correlate  with  the  amount  of  actin  activation  of  the  NEM- 
HKM  ATPase.  On  the  other  hand,  in  the  absence  of  ATP,  NEM-HhW  binds 
stoichiometrically  to  actin  in  a  1  to  2  molar  ratio  just  as  does  normal  HMM. 
Viscosity  and  turbidity  studies  also  indicate  that  in  the  presence  of 
ATP,  under  conditions  of  maximal  actin  activation,  as  with  normal  HMM, 
the  NEM-WW  and  actin  are  almost  completely  dissociated  whereas  there  is 
a  marked  increase  in  viscosity  and  turbidity  after  all  of  the  ATP  is 
hydrolyzed.  All  of  these  studies  suggest  that  in  the  presence  of  ATP  and 
actin  both  normal  I*W  and  NEM-WW  exist  most  of  the  time  in  a  refractory 
state  unable  to  bind  to  actin  and  only  a  small  part  oi  'he  time  in  a  non- 
refractory  state  which  can  interact  with  actin.  It  follows  that  the  major 
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rate  limiting  step  during  actin  activation  is  the  transition  from  the 
refractory  to  the  non- refractory  state.  Since  the  actin  activation  of 
NEM-HMM  is  lower  than  that  of  normal  HMM,  this  transition  may  be  slower 
for  NEM-HMM  than  for  normal  HMM. 

Proposed  Course  of  Research;  The  NEM-HMM  which  remains  unbound  to  actin  in 
the  absence  of  salt  and  maximal  actin  activation  may  be  different  from  the 
NEM-HMM  which  can  bind  to  actin  and  which  actin  can  activate.  In  order  to 
clarify  this  point  we  propose  to  use  an  analytical  ultracentrifuge  separa- 
tion cell  to  separate  the  NEM-HMM  which  remains  in  the  supernatant  and  then 
test  the  Ca++  and  actin-activated  ATPase  of  this  fraction.  We  also  plan  to 
further  investigate  the  effects  of  temperature  and  salts  on  the  Mg++ 
ATPase  of  NEM-HMM. 

Significance  to  Bio-Medical  Research:  This  work  is  aimed  at  increasing  our 
knowledge  about  how  basic  reactions  in  muscle  contraction  occur. 

Publications:  None 
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Project  Description: 

Objectives:   It  is  now  generally  recognized  that  contraction  of  muscle  in- 
volves the  interaction  of  the  two  proteins  actin  and  myosin  with  ATP.   It 
is  therefore  of  considerable  importance  to  determine  the  nature  of  the 
interaction  which  occurs  between  actin  and  myosin  in  vitro  as  ATP  is 
hydrolyzed.  In  particular  it  is  of  importance  to  elucidate  the  steps 
occurring  during  the  hydrolytic  cycle,  since  these  steps  may  correspond  to 
the  steps  of  the  contractile  cycle  in  vivo.  This  is  difficult  to  accomplish 
with  myosin  because  it  occurs  as  insoluble  filaments  at  low  ionic  strength. 
However,  heavy  meromyosin  (HMM)  and  subfragraent- 1  (S-l),  double  and 
single  headed  proteolytic  digestion  of  myosin  respectively,  are  soluble  at 
low  ionic  strength  and  therefore  their  interaction  with  actin  can  be  more 
easily  studied.   In  the  present  study  we  continued  our  investigation  of 
the  refractory  state  of  HMM  and  S-l,  a  state  which  we  discovered  occurs 
during  the  cycle  of  interaction  of  myosin  with  actin  and  ATP  during  which 
the  myosin  head  is  unable  to  bind  to  actin.  Only  when  the  refractory 
state  transforms  to  the  non-refractory  state  is  the  myosin  able  to 
interact  with  actin  and  the  transition  from  the  refractory  state  to  the 
non- refractory  state  seems  to  be  one  of  the  major  rate  limiting  steps  in 
the  cyclic  interaction  of  myosin  with  actin  and  ATP.  The  occurrence  of  a 
refractory  state  has  considerable  implications  for  the  actin-myosin  cycle 
which  occurs  in  vivo  and  therefore  in  the  present  study  we  have  put 
considerable  effort  into  proving  its  existence  in  vitro  as  well  as  bdginning 
a  study  of  the  implication  of  such  a  state  for  in  vivo  muscle  models. 
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Methods  Employed  and  Major  Findings: 

The  original  finding  which  led  us  to  postulate  the  existence  of  a  refractory 
state  is  that  considerable  dissociation  of  the  acto-HMM  occurs  even  under 
conditions  where  the  actin  maximally  activates  the  HMM  or  S-1  ATPase,  as 
shown  by  ultracentrifuge  and  ATPase  studies.   We  have  now  completed  studies 
using  laser- light  scattering,  turbidity  and  viscosity  to  measure  the  inter- 
action of  HMM  and  S-1  with  actin.   In  the  absence  of  ATP,  all  of  these 
techniques  suggest  that  marked  interaction  is  occurring  between  the  actin 
and  HMM  or  S-1.  On  the  other  hand,  in  the  presence  of  ATP,  when  the  ATPase 
is  nearly  maximally  activated  by  actin  all  three  of  the  techniques  suggest 
that  less  than  10%  of  the  HMM  or  S-1  is  interacting  with  the  actin. 
Therefore  these  measurements  also  indicate  that  a  large  fraction  of  both  the 
HMM  and  S-1  are  in  a  refractory  state  during  their  interaction  with  actin 
and  ATP.  This  work  is  presently  being  written  up  for  publication. 

In  addition  to  this  study,  we  put  our  major  effort  in  the  ultracentrifuge 
studies  into  isolating  the  HMM  which  does  not  bind  to  actin,  i.e.  is  in 
the  refractory  state,  so  that  we  could  determine  whether  it  has  the  same 
ATPase  activity  as  normal  HMM.  To  accomplish  this  we  used  a  special 
separation  cell  in  the  analytical  ultracentrifuge,  and  because  we  could 
obtain  only  a  small  amount  of  material,  we  used  ATP  p32  to  assay  the 
ATPase  activity.   Our  results  show  that  the  HMM  which  is  unbound  to  actin 
has  EDTA  and  actin-activated  ATPase  activity  which  is  at  least  85%  of  the 
activity  of  normal  HMM.  Therefore  the  HMM  which  is  unbound  to  actin  is 
the  same  as  normal  HMM  —  it  is  simply  transiently  in  the  refractory  state 
during  its  interaction  with  actin  and  ATP. 

In  addition  to  these  experimental  studies,  we  have  also  begun  theoretical 
studies  in  collaboration  with  Terrell  Hill  and  Richard  Podolsky  in  an 
effort  to  develop  a  model  for  muscle  contraction  which  includes  a  refractory 
state  as  part  of  the  mechanism  of  cross-bridge  interaction  in  vivo. 

Proposed  Course  of  Research:  We  plan  to  complete  our  ultracentrifuge 
studies  by  performing  the  separation  cell  experiment  with  S-1  as  well  as  HMM. 
We  also  plan  to  look  at  the  effect  of  salt  and  ultracentrifuge  speed  on 
the  amount  of  HMM  and  S-1  dissociated  from  actin.   In  addition  we  plan  to 
confirm  in  detail  our  previous  finding  that  only  half  as  much  S-1  as  HMM 
binds  to  actin  under  conditions  of  normal  actin  activation  of  the  ATPase, 
possibly  because  S-1  has  only  one  head,  while  HMM  has  two  heads. 

We  also  plan  to  begin  stopped-flow  experiments  using  a  special  3-syringe 
apparatus  to  determine  the  binding  of  actin  to  HMM  in  the  presence  of  ATP 
in  an  effort  to  determine  if  the  transition  from  the  refractory  state  is 
indeed  the  rate  limiting  step  in  the  interaction  of  HMM  with  actin  and 
ATP. 
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Finally  we  plan  to  continue  our  collaboration  with  Terrell  Hill  and  Richard 
Podolsky  on  the  theoretical  implication  of  the  refractory  state  for 

2  -79 


Serial  No.  NHLI-21 
models  of  muscle  contraction. 

Significance  to  Bio-Medical  Research:  This  work  is  aimed  at  gaining  a 
better  understanding  of  the  basic  mechanisms  of  muscle  motility  and  the 
control  of  this  motility,  phenomena  which  occur  not  only  in  skeletal  muscle, 
but  also  in  such  diverse  systems  as  cardiac  muscle,  arterial  smooth  muscle, 
platelets,  and  perhaps  within  all  cells  where  protoplasmic  streaming 
occurs . 

Publications: 

None. 
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Project  Description: 

Objectives:   It  is  now  clear  that  relaxation  of  skeletal  muscle  is  caused 
by  removal  of  Ca2+  from  the  sarcoplasm  by  the  sarcoplasmic  reticulum  and 
that  contraction  is  triggered  by  the  release  of  the  Ca2+.   It  is  now  also 
clear  that  this  effect  of  Ca2+  is  mediated  by  a  complex  of  proteins  which 
binds  to  the  actin  filament.  This  complex  of  proteins  is  called  "native 
tropomyosin"  and  as  we  have  previously  shown,  it  acts  by  preventing  the 
binding  of  actin  to  myosin  in  the  absence  of  Ca2+.   In  the  present  study 
we  investigated  the  activity  of  the  three  troponin  components,  troponin  I, 
T,  and  C,  with  and  without  tropomyosin  present.   We  also  directly  investigated 
the  binding  of  tropomyosin  to  actin  in  the  presence  and  absence  of  the  other 
troponin  components.  These  studies  were  directed  twoard  determing  the  role 
of  tropomyosin  in  preventing  the  binding  of  actin  to  myosin  in  the  absence 
of  Ca2+.  Recent  structural  studies  have  suggested  that  the  troponin- 
tropomyosin  complex  might  operate  by  the  tropomyosin  alone  blocking  the 
binding  of  HMM  to  the  actin  filament  with  the  role  of  the  troponin  being 
to  simply  orient  the  tropomyosin  on  the  actin  so  as  to  make  the  blocking 
effect  of  the  tropomyosin  Ca- sensitive.  This  model  would  suggest  that  the 
troponin  components  alone  would  have  little  effect  on  the  actin-HMM  inter- 
action unless  tropomyosin  were  also  present,  and  using  our  purified  troponin 
components  we  have  investigated  whether  this  is,  in  fact,  the  case.  Finally 
in  collaboration  with  several  workers  in  France  we  investigated  the  relation- 
ship of  the  Ca-binding  protein  called  parvalbumin  found  in  the  muscle  of 
lower  vertebrates,  with  troponin  C. 

Methods  Employed  and  Major  Findings: 

YYyQ  activities  of  troponins  I,  T,  and  C  were  assayed  at  varying  ratios  to 
actin  both  with  and  without  tropomyosin  present.   It  was  found  that  at  a 
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molar  ratio  to  F-actin  of  0.25,  not  only  the  combination  of  troponin  I 
plus  tropomyosin  but  also  the  combination  of  troponin  I  plus  troponin  T 
inhibited  the  acto-HMM  ATPase  about  90%.   In  both  cases  when  troponin  C, 
which  is  the  Ca2+  binding  component  was  added,  the  inhibition  was  reversed 
not  only  in  the  presence  but  also  in  the  absence  of  Ca2+.  Only  when  both 
troponin  T  and  tropomyosin  were  present  in  addition  to  troponin  I  and  C 
did  inhibition  occur  in  the  absence  but  not  in  the  presence  of  Ca2+.   It 
therefore  appears  that  all  three  troponin  components  plus  tropomyosin  are 
necessary  to  restore  full  Ca2+  sensitivity,  but  if  troponin  T  is  present, 
tropomyosin  may  not  be  required  for  90%  inhibition  by  troponin  I  near 
physiological  ratios  to  F-actin  where  each  troponin  I  molecule  affects 
several  actin  monomers.  Further  evidence  for  a  direct  effect  of  troponin  I 
on  F-actin  comes  from  our  studies  of  the  correlation  between  the  binding 
of  tropomyosin  to  F-actin  and  the  acto-HNW  ATPase  activity.  At  a  molar 
ratio  to  F-actin  of  0.15  or  higher,  tropomyosin  inhibits  the  acto-HMM  ATPase 
about  50%  in  the  presence  of  5mM  MgCl2.  2mM  ATP,  and  30mM  KCl,  but  has  no 
effect  when  the  [MgCl2]  is  reduced  to  ImM.  Direct  binding  studies  using 
I 125- labeled  tropomyosin  show  that  the  binding  of  tropomyosin  to  F-actin  is 
strong  under  the  former  conditions,  but  very  weak  under  the  latter  condition. 
This  weak  binding  is  strengthened  in  O.IM  KCl  and  so  is  the  inhibition  of 
the  acto-fM4  ATPase  by  tropomyosin  alone.   It  therefore  appears  that  the 
binding  of  tropomyosin  alone  to  F-actin  correlates  directly  with  the 
inhibition  of  the  acto-HWl  ATPase,  a  maximum  of  about  50%  inhibition 
occurring  when  F-actin  is  saturated  with  tropomyosin.  When  troponin  I  is 
added  to  this  system  under  conditions  such  that  tropomyosin  alone  binds 
strongly  to  F-actin,  inhibiting  the  acto-HMM  ATPase  by  50%,  the  inhibition 
increases  to  almost  90%,  but  the  tropomyosin  binding  is  not  affected. 
Under  conditions  such  that  tropomyosin  neither  inhibits  the  acto-HMM  ATPase 
nor  binds  to  F-actin,  however,  the  inhibition  caused  by  troponin  I  plus 
tropomyosin  is  still  about  90%,  much  greater  than  that  caused  by  troponin  I 
alone;  and  under  these  conditions  direct  binding  studies  show  that  troponin 
I  greatly  strengthens  the  binding  of  tropomyosin  to  F-actin.  Since  troponin 
I  apparently  binds  to  F-actin  but  not  to  tropomyosin,  these  results 
suggest  that  the  mechanism  of  action  of  troponin- tropomyosin  may  be  more 
complex  than  simply  troponin  acting  on  tropomyosin  and  tropomyosin  in 
turn  acting  on  actin.  Rather  the  troponin  itself  may  have  a  direct  effect 
on  the  actin  filament  with  tropomyosin  enhancing  and  modifying  this  effect. 

Proposed  Course  of  Research:  We  plan  to  continue  our  direct  binding  studies 
of  Il25  labeled  tropomyosin  to  F-actin,  looking  in  particular  at  the  effect 
of  troponin  C  and  troponin  T  on  this  binding  with  and  without  troponin  I 
present.   In  addition  we  are  beginning  studies  involving  the  labeling  of  the 
other  troponin  components  with  I 125  so  that  we  can  directly  investigate 
their  binding  to  actin  in  the  presence  and  absence  of  tropomyosin. 

Significance  to  Bio-Medical  Research:  This  work  is  aimed  at  gaining  a 
better  understanding  of  the  basic  mechanisms  of  muscle  motility  and  the 
control  of  this  motility,  phenomena  which  occur  not  only  in  skeletal  muse  s 
but  also  in  such  diverse  systems  as  cardiac  muscle,  arterial  smooth  muscle, 
platelets,  and  perhaps  within  all  cells  where  protoplasmic  streaming  occurs. 
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Publications: 

Eisenberg,  E.  and  Kielley,  W.W. :  Troponin-tropomyosin  complex:   Column 
chromatographic  separation  and  activity  of  the  three  active  troponin  components 
with  and  without  tropomyosin  present.  J.  Biol.  Chem.  (1974)  (in  press). 

Deamille,  J.,  Dutruge,  E.,  Eisenberg,  E.,  Capony  J. -P.  and  Pechere,  J.F.: 
Ca  binding  troponin  components  from  reptile  and  fish  muscles  and  their 
relation  to  muscular  parvalbumins.   FEES  Letters  (1974)  (in  press). 
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1.  Laboratory  of  Biochemistry 

2.  Cellular  Physiology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:  ADP-  and  ATP-actin  interactions.  Application  of 

tritium  labeling  to  study  of  the  protein  binding 
site. 

Previous  Serial  No.      None 

Principal  Investigator:  F.  H.  White,  Jr. 

Other  Investigators:     R.  S.  Adelstein 

A.  G.  Wright,  Jr.  (Technical) 
M.  A.  Conti  (Technical) 

Project  Description: 

Objective:  To  explore  the  possibility  of  einploying  tritium  labeling  as  a 
means  of  studying  the  site  in  actin  that  binds  ADP  and  ATP. 

Methods  Employed: 

1.  Tritium- labeled  ATP  (from  a  commercial  source)  was  equilibrated  with 
solutions  of  rabbit  skeletal  muscle  G-actin  (generously  supplied  by  Dr.  Evan 
Eisenberg) .  The  products  were  polymerized  to  F-actin  by  adding  salt  solu- 
tion, then  dialyzed  and  lyophillzed. 

2.  These  samples  were  subjected  to  self-radiolysis  by  storage  for  varying 
periods  of  time  involving  several  weeks.  Electron  spin  resonance  was  used 
to  follow  the  formation  of  free  radical  content  during  storage. 

3.  After  storage  (as  well  as  at  zero  time  of  storage)  the  samples  were 
exposed  to  tritiated  hydrogen  sulfide  (HST)  as  described  by  White  et  al., 
Radiation  Res.  32,  744  (1967))  for  incorporation  of  tritium  into  the  amino 
acid  residues.  For  comparative  purposes,  control  samples  were  prepared 
by  X-irradiation  of  unlabeled  F-actin,  followed  by  exposure  to  HST,  to 
achieve  a  broadly  distributed  tritium  label,  similar  to  that  observed  earlier 
(F.H.  White,  Jr.,  Radiation  Res.  36,  470  (1968)). 

4.  The  resulting  samples  were  acid-hydro lyzed  and  subjected  to  amino  acid 
analysis  with  scintillation  flow  counting  to  determine  tritium  distributipn 
among  the  amino  acids. 

5.  Alternatively  the  labeled  proteins  were  degraded  into  ,  ptides  by  reactior 
with  cyanogen  bromide  and  digestion  with  chymotrypsin. 
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6.  High  voltage  paper  electrophoresis  was  employed  for  separation  of  peptides, 
and  scintillation  counting  was  used  to  determine  distribution  of  tritiiom 
throughout  the  paper  strip. 

Major  Findings: 

1.  Actin  has  been  labeled  by  exposure  of  the  ADP-protein  complex,  after 
5-7  weeks  of  storage,  to  HST.  Alternatively  it  has  been  found  that  a 
smaller  amount  of  tritium  is  incorporated  when  the  complex  is  exposed  to 
HST  at  zero  time  of  storage.  The  latter  reaction  has  been  treated  exten- 
sively in  an  accompanying  report  ("Studies  on  the  Tritium  labeling  of 
Chymotrypsin") . 

2.  Protein  samples,  tritiated  as  above,  have  been  degraded  into  peptides  and 
subjected  to  electrophoresis.  The  resulting  peptide  and  counting  patterns 
indicate  three  components  of  exceptionally  high  activity  not  present  in  the 
more  broadly  labeled  control  samples.  These  remain  under  investigation. 

Significance  to  Bio-Medical  Research:  There  is  reason  to  suspect  that  the 
mode  of  labeling  presently  employed  leaves  tritium  deposited  covalently  in 
high  concentration  close  to  the  binding  site.   Little  is  known  about  the 
nature  of  binding  of  ATP  and  ADP  to  actin,  and  the  results  thus  far  suggest 
a  possible  technique  for  delineating  those  residues  so  involved.  The 
techniques  presently  under  investigation  may  be  of  use  in  the  study  of  ATP- 
protein  interactions  in  general. 

Proposed  Course  of  Research:  The  investigation  will  be  continued  to  isolate 
and  identify  the  labeled  peptides  of  actin. 

Publications: 
None . 
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1.  Laboratory  of  Biochemistry 

2.  Cellular  Physiology 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Comparison  of  tritium  distributions  among  amino  acid 
residues  of  irradiated  native  and  reduced  carboxy- 
methylated  (CM)  lysozymes  after  tritiation  by 
irradiation  and  exposure  to  tritiated  hydrogen 
sulfide  (HST). 

None 


Principal  Investigator:  F.  H.  White,  Jr. 

Other  Investigator:     A.  G.  Wright,  Jr.  (Technical) 

Project  Description: 

Objective:  To  study  the  factors  that  influence  the  distribution  of  tritium 
among  individual  residues  (after  tritiation  by  the  technique  of  White,  et  al.. 
Radiation  Res.  32,  744  (1967)). 

Methods  Employed: 

1.  Procedures  for  reduction  and  carboxymethylation  were  as  already  described 
(F.H.  White,  Methods  in  Enzymol.  XXV,  p.  387  (1972)), 

2.  Gamma  irradiation  of  native  lysozyme  and  subsequent  exposure  to  HST 
were  carried  out  as  described  by  White,  et  al., (Radiation  Res.  32, 

744  (1967)). 

3.  Alternatively,  native  and  reduced  (CM)  lysozymes  were  irradiated  by 
exposure  to  electrical  discharge  (White,  et  al..  Anal.  Biochem.  30,  295 
(1969)). 

4.  Procedures  for  chymotryptic  digestion  and  separation  of  peptides  are 
given  by  White  (Radiation  Res.  36,  470  (1965)). 

5.  Amino  acid  analysis  and  scintillation  flow  counting  of  hydrolysates 
of  tritiated  proteins  were  performed  as  by  F.H.  White  and  C.R.  Mencken 
(Anal.  Biochem.  34,  560  (1970)). 

Major  Findings: 

1.  Comparison  of  tritium  distributions  in  the  native  and  denatured  states: 
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(a)  The  labeling  technique  employed  in  this  work  results  in  a  broad  distribu- 
tion of  tritium  throughout  the  protein  chain  regardless  of  conformational 
state. 

(b)  A  number  of  similarities  were  observed,  insofar  as  many  of  the  more 
heavily  labeled  residues  were  identical  or  similar  placed. 

(c)  Despite  the  similarities,  the  range  of  variation  of  specific  activities 
of  individual  residues  in  the  native  protein  was  approximately  double  that 
of  the  denatured  protein. 

2.  The  more  heavily  labeled  areas  of  the  native  protein  include  the 
"hydrophobic  box"  (the  region  bounded  by  tryptophan  residues  28,  108,  and 
111,  as  well  as  methionine  105  and  tyrosine  23)  and  the  antiparallel 
pleated  sheet  structure  (residues  42  through  46  and  50  to  54) . 

3.  As  a  major  conclusion,  there  is  sufficient  similarity  between  native  and 
denatured  proteins  to  suggest  that  the  latter  was  not  completely  devoid  of 
native  conformation,  although  a  fully  reduced  alkylated  protein  is  generally 
assumed  to  be  so. 

Significance  to  Bio-Medical  Research:  The  investigation  into  techniques  for 
protein  tritiation  should  be  potentially  useful  in  a  wide  variety  of  biologi- 
cal studies.   In  the  study  of  factors  influencing  the  distribution  6f 
tritium  within  the  protein  molecule,  it  would  be  of  prime  importance  to 
understand  the  effects  of  molecular  structure,  which  by  present  results  are 
considerable.   In  addition,  the  tritium  distribution  appears  to  reflect  the 
free-radical  distribution  that  occurs  as  a  result  of  irradiation.  Thus  the 
results  are  also  of  significance  to  the  theoretical  understanding  of  the 
relationship  between  free-radical  content  and  radiolysis. 

Proposed  Course  of  Research:  The  project  will  be  concluded  with  a  similar 
study  on  gamma- irradiated  reduced  CM  lysozyme. 

Publications: 
None. 
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1.  Laboratory  of  Biochemistry 

2.  Cellular  Physiology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:  Studies  on  the  tritium- labeling  of  o-chymotrypsin. 

Previous  Serial  No.:  None 

Principal  Investigator:  F.  H.  White,  Jr. 

Other  Investigator:  A.  G.  Wright,  Jr.  (Technical) 

Project  Description: 

Objective:  To  study  the  labeling  of  o-chymotrypsin  as  a  model  protein  by  a 
new  technique,  by  which  tritium  becomes  incorporated  preferentially  into  the 
binding  site  residues. 

Methods , Employed : 

1.  Chymotrypsin  was  labeled  with  diisopropylfluorophosphate  (DFP)  (Cohn 
et  al.  Methods  in  Enzymol.  XI,  688  (1967)),  to  attach  the  DIP  group  to  the 
serine  residue  at  position  195.  The  DFP  had  been  labeled  by  a  commercial 
source  to  a  specific  activity  of  3.3  Ci/mmole,  the  highest  available. 

2.  Electron  spin  resonance  was  employed  to  follow  free  radical  formation 
in  the  labeled  protein  (lyophilized  and  in  a  vacuum)  that  occurs  on  storage. 

3.  The  labeled  protein  after  an  appropriate  time  of  storage  (usually 
involving  several  weeks)  was  exposed  to  tritiated  hydrogen  sulfide  (HST) 
(White,  et  al.  Radiation  Res.  32,  744  (1967)),  which  labels  the  carbon 
free- radicals  that  develop  on  self-radiolysis. 

4.  Amino  acid  analysis  with  scintillation  flow  counting  was  employed  for 
analysis  of  the  labeled  protein  as  described  by  White  and  Mencken,  Anal. 
Bi-ochem.  34,  470  (1968). 

5.  Reduction  and  carboxymethylation  to  denature  the  labeled  protein  prior 
to  separation  of  the  A,  B,  and  C  chains  was  carried  out  as  described  by 
White,  Methods  in  Enzymol.  25,  p. 387  (1972).  Chromatography  was  performed  on 
DEAE  cellulose  to  isolate  the  C  chain.  The  latter  was  digested  with  trypsin, 
CNBr,  and  chymotrypsin.  Peptide  193-199  was  separated  from  this  digest  by 
paper  electrophoresis. 

Major  Findings: 

1.   It  has  long  been  established  (F.H.  White,  P.  Riesz,  and  H.  Kon,  Radiation 

ST 


Serial  No.  NHLI-25 

Res.  32^.  744  (1967)  that  irradiation  of  a  lyophilized  protein  in  a  vacuum 
results  in  a  stable  content  of  free  radicals  which  can  be  subsequently 
labeled  by  exposure  to  HST.  The  resulting  distribution  of  tritium  appears 
to  reflect  that  of  the  free  radicals.  The  present  investigation  arose  from 
application  of  this  reaction  to  the  study  of  self-radiolysis  of  an  isotopi- 
cally  labeled  protein.  Chymotrypsin,  labeled  with  a  tritiated  DIP  group, 
was  chosen  for  the  study. 

2.  Two  effects  have  been  distinguished  in  the  labeling  process.  The  first 
is  the  expected  effect  of  self-radiolysis.  The  second  involves  an  inter- 
action between  HST  and  the  tritiated  ligand-protein  complex  at  zero  time  of 
storage  to  introduce  additional  tritium  into  the  protein. 

3.  The  "zero  time"  reaction  has  been  studied  extensively.  This  reaction  has 
been  found  to  account  for  a  preferential  labeling  of  residues  close  to  the 
site  that  binds  the  tritiated  DIP  group.  This  fact  has  been  ascertained  by 
isolation  of  peptide  193-199  (serine  at  position  195  is  the  binding  site 
residue).  Analysis  and  scintillation  counting  of  this  peptide  indicates  that 
it  contains  32.2%  of  the  total  tritium  content  of  the  protein,  despite  the 
fact  that  it  comprises  less  than  3%  of  the  total  chain  length. 

4.  The  mechanism  of  tritium  transfer  in  the  "zero  time"  reaction  remains 
under  investigation.  Thus  far  it  has  been  determined  that: 

(a)  It  occurs  at  room  temperature  but  not  at  195'K. 

(b)  The  reaction  is  dependent  upon  tritium  content  within  the  DIP  group. 

(c)  It  does  not  occur  on  exposure  of  the  protein  to  unlabeled  H2S.  This 
observation  rules  out  a  direct  transfer  of  tritium  from  the  ligand. 

(d)  Tritium  within  the  DIP  group  is  instable  in  the  presence  of  H2S,  since 
it  escapes  into  the  gas  phase. 

Significance  to  Bio-Medical  Research:  The  tritium  labeling  of  binding  site 
residues  suggests  obvious  applications  of  this  approach  to  the  study  of  pro- 
tein binding  sites  in  general  cind  therefore  may  prove  to  be  of  basic  signifi- 
cance to  many  problems  in  protein  chemistry.  Moreover,  the  observed  transfer 
of  tritium  involves  a  property  not  heretofore  recognized  and  is  of  particular 
significance  in  view  of  the  increasing  use  of  this  isotope  in  biological 
studies.  — ^ 

Proposed  Course  of  Research:  The  mechanism  of  the  "zero  time"  reaction  is 
being  studied  further  and  the  investigation  will  be  extended  to  other  proteins 
to  assess  the  value  of  this  approach  to  the  study  of  binding  sites  in  general. 

Publications: 

White,  F.  H.,  "Preferential  tritium  labelling  of  binding  site  residues  in 
alpha  chymotrypsin  by  exposure  of  the  l,3-3H-diisopropylphosphoryl  derivative 
to  tritiated  hydrogen  sulfide",  J.  Labelled  Compounds,  accepted  for  publica- 
tion. 
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Section  on  Cellular  Biochemistry  and  Ultrastructure 

Laboratory  of  Biochemistry 

National  Heart  and  Lung  Institute 

July  1,  1973  through  June  30,  1974 

One  of  the  major  interests  of  this  Section  is  the  complete  characterization 
of  the  plasma  membrane  of  the  amoeba,  Acanthamoeba  castellanii,  with  the 
ultimate  purpose  of  relating  its  composition,  structure  and  metabolic 
activity  to  the  important  cell  processes  of  movement  and  phagocytosis  .   In 
previous  years  we  have  developed  methods  for  the  isolation  of  highly  purified 
plasma  membranes  and  phagocytic  vesicles  which  are  then  subjected  to  detailed 
chemical,  enzymatic  and  ultrastructural  analysis.  We  have  found  that  the 
plasma  membrane  consists  of  approximately  one-third  lipids,  one-third  proteins 
and  one-third  lipophosphonoglycan,  a  novel  macromolecule  that  is  discussed  in 
greater  detail  below.  The  phospholipids  and  sterols  have  been  rather  thorough- 
ly characterized  in  previous  years  .  The  proteins  have  been  shown  previously 
to  contain  very  few  enzymatic  activities  in  comparison  to  mammalian  cell 
plasma  membranes  but  to  contain  high  activities  of  several  enzymes  of  phospho- 
lipid metabolism:   phospholipases,  lysophospholipases,  acyl-CoA  synthetase 
and  acyl  transferases .  Rapid  turnover  of  membrane  phospholipids  may  be 
involved  in  some  of  the  membrane  functions  .  These  enzymes,  however,  comprise 
only  a  small  percentage  of  the  total  membrane  protein  most  of  which  consists 
of  a  single  relatively  low  molecular  polypeptide  (about  15,000)  .   In  addition 
to  the  membrane  proteins,  filamentous  actin  is  frequently  found  to  be  assoc- 
iated with  the  cytoplasmic  surface  of  isolated  plasma  membranes  perhaps 
reflecting  a  specific  association  in  vivo . 

Lipophosphonoglycan  is  a  very  unusual  molecule  that  is  highly  aggregated  in 
water  but  dissociates  into  two  rapidly  migrating  electrophoretic  bands  in 
sodium  dodecyl  sulfate.  Further  analysis  of  the  products  of  acid  and  alka- 
line hydrolysis  of  lipophosphonoglycan  now  allow  us  to  account  for  about  80% 
of  its  mass  as  follows:   5%  fatty  acids,  9%  2-hydroxy  fatty  acids,  26%  neutral 
sugars,  3%  amino  sugars,  13%  C25-phytosphingosine,  6%.  glycerol  4%  inositol, 
3%  acid-hydrolyzable  phosphate  and  10%,  aminophos phonic  acids  .  The  phyto- 
sphingosine,  inositol  and  glycerol  are  new  findings  this  year.  All  of  these 
constituents  have  been  identified  by  combinations  of  gas  chromatography,  mass 
spectroscopy  and  NMR  of  the  compounds  and/or  suitable  derivatives  .  In  order 
to  determine  the  mode  of  linkages  among  these  constituents  we  have  begun  the 
analysis  of  the  products  of  partial  acid  and  alkaline  hydrolysis  .  Partial 
alkaline  hydrolysis  (IN,  4  hours,  100°)  produces  a  lipld-soluble  fraction 
that  contains  the  phytosphingosine  in  probable  ceramide  linkage  with  hydroxy 
fatty  acids,  as  shown  by  mass  spectroscopy,  and  a  water-soluble  fraction 
which  contains  the  sugars  and  aminophosphonic  acids  in  bound  form.  This 
water-soluble  fraction  has  been  separated  into  two  fractions  which  are  now 
being  further  analyzed  .  Partial  acid  hydrolysis  gives  a  water-soluble 
fraction  containing  free  sugars  but  the  aminophosphonic  acids  remain  In 
bound  form. 

Previous  cytochemical  studies  with  the  electron  microscope  p  .'ed  that  lipo- 
phosphonoglycan is  situated  on  both  surfaces  of  the  plasma  membrane.   More  of 
the  morphology  of  the  plasma  membrane  has  now  been  revealed  by  freeze-cleavage 
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and  freeze-etch  electron  microscopy.  The  external  surface  has  a  high  density 
of  particles  in  a  patterned  array.  The  inner  fracture  face  contains  two 
types  of  particles  (6.5nm  and  8.5nm  in  diameter)  in. a  density  of  about  200 
particles/nm  ,  the  larger  particles  are  randomly  distributed  and  the  smaller 
particles  frequently  occur  in  groups  of  three.  The  outer  fracture  face 
contains  particles  and  short  filaments .  The  cytoplasmic  surface  of  the  plasma 
membrane  has  very  few  particles  but  has  a  variable  concentration  of  elongate 
elements  about  7nm  x  21nm.   Since  all  of  these  structures  are  asymmetrically 
distributed  in  the  membrane  it  is  likely  that  none  of  them  is  lipophosphono- 
glycan  -  which  is  present  on  both  surfaces  of  the  membrane.   By  analogy  to 
other  systems  all  these  structures  are  probably  proteins. 

The  topological  distribution  of  proteins  can  also  be  approached  by  other 
means.  One  way  is  to  determine  at  which  surface  of  the  membrane  they  are 
accessible  to  labeling  by  an  enzymatic  iodination  system  consisting  of  lacto- 
peroxidase  and  ■'■25l2  (together  with  glucose  oxidase  and  glucose  which  are 
needed  to  generate  H2O2  required  to  convert  the  I2  into  the  activated  form) . 
As  determined  by  radioactive  analysis  of  the  polypeptide  bands   separated 
by  SDS-gel  electrophoresis,  all  of  the  membrane  proteins  of  isolated  plasma 
membranes  and  of  the  membrane  of  intact,  isolated  phagocytic  vesicles  can  be 
iodinated.  None  of  the  proteins  of  plasma  membranes  are  labeled  when  intact 
cells  are  incubated  with  the  iodination  system.  These  results  suggest  that 
the  proteins  of  the  amoeba  plasma  membrane  are  accessible  only  at  the  cyto- 
plasmic surface  of  the  membrane . 

Analysis  of  the  membrane  of  isolated  phagocytic  vesicles  has  shown  that  it 
contains  protein  and  lipophosphonoglycan  and  phospholipid  in  approximately 
the  same  ratios  as  in  the  plasma  membrane  from  which  it  is  derived.  We  have 
previously  found  the  phospholipid  to  sterol  ratio  to  be  the  same  as  in  plasma 
membrane.  The  membrane  proteins  of  the  phagocytic  vesicle  are  indistinguish- 
able electrophoretically  from  the  proteins  of  the  plasma  membrane.  The 
phagosome  membrane,  unlike  the  plasma  membrane,  has  no  associated  actin  fila- 
ments detectable  by  either  electron  microscopy  or  by  analytical  SDS-gel 
electrophoresis . 
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Project  Description: 

Objectives:   It  is  the  purpose  of  this  research  ultimately  to  determine  the 
complete  chemical  composition  of  the  plasma  membrane  of  Acanthamoeba 
castellanii  and  the  organization  of  its  macromolecular  components .  Work  this 
past  year  was  concentrated  on  the  structure  of  the  unique  macromolecule,  lipo- 
phosphonoglycan,  which  was  discovered  previously  to  be  a  major  component  of 
the  membrane  and  which  was  previously  shown  to  be  situated  on  both  sides  of 
the  membrane.   In  addition  experiments  were  initiated  to  determine  the  access- 
ibility of  the  major  membrane  proteins  at  the  outer  and  inner  surfaces  of  the 
membrane . 

Methods  Employed:  To  determine  the  structure  of  the  lipophosphonoglycan  a 
number  of  fractionation  and  analytical  techniques  have  been  used  such  as 
partial  acid  and  base  hydrolysis,  molecular  sieve  chromatography,  thin-layer 
and  gas-liquid  chromatography,  mass  spectroscopy  and  NMR  spectroscopy.  The 
distribution  of  proteins  in  the  membrane  has  been  studied  primarily  by  deter- 
mining their  susceptibility  to  enzymatic  iodination  by  lactoperoxidase  using 

I2  and  glucose  oxidase-glucose  to  generate  H2O2.  Labeling  patterns  of  the 
proteins  iodinated  in  isolated  plasma  membranes,  in  plasma  membranes  isolated 
from  iodinated  intact  cells,  and  in  phagocytic  vesicle  membranes  were  compared 
by  electrophoresis  on  SDS-gels  .  Phagocytic  vesicles  were  isolated  using  poly- 
styrene beads,  a  procedure  developed  in  this  laboratory,  and  plasma  membranes 
were  isolated  by  procedures  we  have  developed  previously. 

Major  Findings:  Three  additional  components  of  the  macromolecule  lipophos- 
phonoglycan have  been  identified:   a  C25-phytosphingosine,  inositol  and  gly- 
cerol. About  80%  of  the  mass  of  the  compound  can  now  be  accounted  for  as 
follows:  5%  fatty  acids,  9%  2-hydroxy  fatty  acids,  26%  neutral  sugars  (glucose, 
mannose,  galactose,  xylose)  3%  aminosugars  (galactosamine,  glucosamine),  13% 
phytosphingosine,  6%  glycerol,  4%  inositol,  3%  acid-hydrolyzable  phosphate 
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and  10%  aminophosphonic  acids  (2-aminoethylphosphonate  and  l-hydroxy-2-amino- 
ethylphosphonate) . 

Mild  alkaline  hydrolysis  produces  a  lipid-soluble  fraction  which  Includes,  in 
addition  to  fatty  acids,  a  product  tentatively  identified  as  a  ceramide  con- 
taining the  2-hydroxy  fatty  acids  in  amide  linkage  to  the  long  chain  phyto- 
sphingosine  base.   Strong  prolonged  alkaline  hydrolysis  releases  the 
phytosphingosine  base  which  can  be  recovered  from  the  lipid-soluble  fraction 
and  has  been  identified  by  chemical  ionization  mass  spectrometry,  mass  spectro- 
metry of  its  per  trimethylsilyl  derivative  and  identification  of  the  aldehyde 
produced  by  periodate  oxidation.  Strong  acid  hydrolysis  releases  free 
inositol  and  glycerol  identified  by  gas  chromatography  and  mass  spectroscopy 
of  their  trimethylsilyl  derivatives  . 

The  water-soluble  fraction  obtained  after  alkaline  hydrolysis  contains  all 
the  sugars  and  aminophosphonic  acids  in  bound  form  but  none  of  the  fatty  acids 
or  bases  .  This  fraction  can  be  separated  into  two  overlapping  peaks  on 
Sephadex  G-50;  the  peaks  contain  differing  ratios  of  sugars  to  phosphate. 
The  water-soluble  fraction  following  partial  acid  hydrolysis  of  lipophosphono- 
glycan  contains  free  sugars  but  most  of  the  aminophosphonates,  inositol  and 
glycerol  remain  in  bound  form  but  in  fractions  of  lower  molecular  weight  than 
those  reproduced  by  alkaline  hydrolysis  , 

As  a  by-product  of  this  work,  an  aminophosphonic  acid  isolated  from  an  unusual 
glycosphingolipid  from  the  bacterium  Bdellovibrio  by  Dr.  Robert  Lester, 
University  of  Kentucky,  was  shown  to  be  identical  by  proton  and  phosphorus 
NMR  to  the  amoeba  compound  previously  identified  as  1-hydroxy- 2-aminoethyl- 
phosphonate. These  are  the  only  two  known  occurrences  of  this  compound. 

In  order  to  determine  the  reactivity  of  Acanthamoeba  plasma  membrane  proteins 
to  enzymatic  iodination  it  has  been  necessary  to  modify  the  procedures  in 
general  use  since  we  have  found  that  these  do  not  iodinate  all  of  the 
accessible  proteins  .  Appropriate  conditions  were  developed  which  use  more 
glucose  oxidase  and  more  radioactive  I2  than  the  published  procedures  .  Under 
these  conditions  all  of  the  proteins  of  isolated  plasma  membranes  are 
iodinated  .   These  include  two  membrane  proteins  and  also  actin  which  is  co- 
isolated  with,  and  is  probably  attached  to,  the  amoeba  plasma  membrane  as  we 
have  shown  previously.  Similarly,  all  of  the  proteins  of  the  membranes  of 
phagocytic  vesicles  are  iodinated  by  incubation  with  lactoperoxldase,  I2, 
glucose  oxidase  and  glucose.  The  proteins  of  plasma  membranes  of  intact 
cells,  however,  are  not  iodinated  when  the  amoebae  are  exposed  to  the  iodina- 
tion system.  The  data  expressed  in  nmoles  of  I/mg  of  membrane  protein  are: 
isolated  plasma  membranes  188,  phagocytic  vesicle  membranes  86,  plasma 
membranes  of  intact  cells  0.13.   These  data  lead  to  the  conclusion  that 
proteins  are  not  exposed  at  the  outer  surface  of  the  plasma  membrane  but  are 
accessible  at  the  cytoplasmic  surface. 

While  studying  the  phagocytic  vesicle  we  observed  that  the  major  proteins  of 
the  plasma  membrane  and  lipophosphonoglycan  are  retained  in  the  phagosome 
membrane  but,  consistent  with  electron  micrographs,  actin  is  missing. 

2  93L 


Serial  No.:  NHLI-  26 

Significance  to  Bio-medical  Research:  The  plasma  membrane  of  all  animal  cells 
plays  a  major  role  in  the  physiologically  and  pathologically  important  pro- 
cesses of  transport,  endocytosis,  cell  motility,  cell-cell  interactions,  etc. 
For  many  of  these  processes,  especially  endocytosis  and  cell  motility,  the 
amoebae  provide  a  useful  model  by  virtue  of  the  ease  of  growing  the  cell  and 
the  relative  simplicity  of  the  plasma  membrane's  chemistry,  ultrastructure, 
and  physiology. 

Proposed  Course  of  Research: 

1.  We  will  continue  the  studies  on  the  structure  of  lipophosphonoglycan. 

2.  The  relationship  between  cytoplasmic  actin  microfilaments  and  the  plasma 
membrane  will  be  explored. 

3.  Possible  changes  in  composition  and/or  organization  of  the  plasma  membrane 
after  it  becomes  the  membrane  of  the  phagocytic  vesicle  will  be  determined. 

Publications: 

Pollard,  T.D.  and  Korn,  E.D.:  Acanthamoeba  myosin  I.  Isolation  from  Acanth- 
amoeba  castellanii  of  an  enzyme  similar  to  muscle  myosin.  J.  Biol .  Chem. 
248:  4682-4690,  1973. 

Pollard,  T.D.  and  Korn,  E.D.:  Acanthamoeba  myosin  II.   Interaction  with 
actin  and  with  a  new  cofactor  protein  required  for  actin  activation  of  Mg 
ATPase  activity.  J.  Biol.  Chem.  248:  4691-4697,  1973. 

Korn,  E.D.,  Dearborn,  D.G.,  and  Wright,  P.L.:  Lipophosphonoglycan  of  the 
plasma  membrane  of  Acanthamoeba  castellanii.   Isolation  from  whole  amoebae 
and  identification  of  the  water  soluble  products  of  hydrolysis.  J.  Biol . 
Chem.  249:  3335-3341,  1974. 
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Korn,  E.D.:  Preface.  In  Korn,  E.D.  (ed .)  :  Methods  in  Membrane  Biology. 
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Objectives:  We  have  begun  to  develop  model  systems  for  the  study  of  the 
molecular  events  accompanying,  and  responsible  for,  the  fusion  of  biological 
membranes.  The  two  model  systems  thus  far  explored  are  (1)  liposome- liposome 
interaction,  and  (2)  liposome-cell  interaction.  Liposomes  are  vesicles  of 
about  26  nm  diameter  consisting  of  a  single  phospholipid  bilayer  membrane 
enclosing  an  interior  aqueous  space.  The  cells  used  are  the  amoeba,  Acanth- 
amoeba  castellanii,  which  has  been  used  for  several  years  in  this  laboratory. 

Methods  Employed  and  Major  Findings: 

1.  Liposomes  are  prepared  by  a  method  developed  in  this  laboratory  last  year. 
An  ethanolic  solution  of  phosphatidylcholine  is  rapidly  injected  into  an 
aqueous  solution  of  the  desired  composition;  the  interior  aqueous  space  of 
the  liposomes  will  thus  have  the  same  composition  as  the  external  bulk 
solution.  The  vesicles  are  then  concentrated  by  ultrafiltration  and  are 
freed  of  external  solutes  by  passage  through  Sephadex  G-50.  In  this  way 
liposomes  were  prepared  with  either  0.5M  ferricyanide  or  0.5M  ascorbate  in 
their  internal  aqueous  space. 

When  ferricyanide  is  mixed  with  ascorbate,  it  is  rapidly  reduced  to  ferro- 
cyanide  and  this  can  be  followed  by  the  decrease  in  absorbancy  at  420  nm. 
No  reduction  occurred  when  liposomes  containing  ferricyanide  were  mixed  with 
a  solution  of  ascorbate  or  when  liposomes  containing  ascorbate  were  mixed 
with  a  solution  of  ferricyanide  showing  that  the  phospholipid  membrane  is 
impermeable  to  the  anions .   If  fusion  occurred  when  liposomes  containing 
ascorbate  are  mixed  with  liposomes  containing  ferricyanide  there  should  be 
reduction  of  the  ferricyanide  because  of  the  mixing  of  the  internal  spaces 
of  the  liposomes .  No  evidence  for  fusion  was  observed  using  neutral  lipo- 
somes, negatively-charged  liposomes,  oppositely-charged  liposomes  (aggregation 
did  occur  but  without  mixing  of  the  internal  aqueous  spaces),  or  upon  addition 
of  lysophosphatidylcholine  or  phospholipase  A2 .   Incubation  with  phospholipase 
did  cause  the  hydrolysis  of  much  of  the  phosphatidylcholine  which  resulted  in 
an  immediate  but  temporary  leak  but  not  in  fusion.  Essentially  identical 
results  were  obtained  with  liposomes  prepared  with  egg  lecithin  and  with 
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liposome ;  prepared  from  dipalmltoylphosphatidylcholine .  An  extensive  and 
complete  leak  can  be  established  by  addition  of  deoxycholate .  Reduction  of 
ferricyanide  by  ascorbate  on  opposite  sides  of  an  impermeable  phospholipid 
membrane  can  be  catalyzed  by  addition  of  a  lipid-soluble  electron  carrier 
such  as  benzoquinone ,  Thus  the  utility  of  this  assay  system  has  been  estab- 
lished but  conditions  that  allow  liposome-liposome  fusion  to  occur  have  not 
yet  been  found.  The  apparent  stability  of  the  liposome  despite  extensive 
hydrolysis  of  the  lecithin  is  surprising  in  view  of  evidence  that  suggests 
that  phospholipid  bilayers  are  unstable  in  the  presence  of  lysolecithin. 
2.  Liposomes  are  prepared  using  -Hl-phospholipid  and  with  either  radioactive 
solutes  or  enzymes  in  the  internal  aqueous  space .  These  preparations  are 
incubated  with  amoeba  and  the  uptake  of  the  phospholipid  and  solute  measured. 

Radioactive  liposomes  are  taken  up  by  the  amoeba  at  about  10-20  times  the 
rate  of  pinocytosis  of  solute  molecules .  Uptake  of  radioactivity  is  not  by 
exchange  of  phospholipid  molecules  between  liposomes  and  cells  because  the 
contents  of  the  internal  aqueous  space  of  the  liposome  is  taken  up  at  the 
same  rate  as  the  phospholipid.  There  is  not  a  large  difference  in  the  rate 
of  uptake  of  neutral,  negative  and  positive  liposomes.  Uptake  is  reduced 
but  not  eliminated  by  incubation  at  12°  or  with  dinitrophenol  -  both  these 
conditions  totally  inhibit  pinocytosis  of  solute  molecules .  Electron  micros- 
copy autoradiography  with  -'H- phospholipid  liposomes  shows  the  association  of 
radioactivity  with  the  cell  surface  membrane  at  early  times  followed  by  a 
proliferation  of  radioactive  membranes  within  internal  vesicles  (whose  memb- 
ranes are  also  labeled)  at  later  times.  These  morphological  observations  would 
be  consistent  with  either  pinocytosis  of  liposomes  followed  by  liposome-lipo- 
some fusion  as  a  secondary  process  thus  forming  membranes  within  the  digestive 
vacuole  or  immediate  fusion  of  the  liposome  with  the  cell  surface  membrane 
followed  by  internalization  of  the  resultant  excess  surface  membrane  by 
processes  we  know  to  occur  in  these  cells  . 

This  latter  process  (fusion  of  liposomes  with  the  plasma  membrane)  would  be 
expected  to  result  in  the  emptying  of  the  liposomes'  contents  into  the  cell 
cytoplasm  while  the  former  process  (pinocytosis)  would  be  expected  to  result 
in  uptake  of  the  liposome  contents  into  the  digestive  vacuoles  .  Experiments 
in  progress  show  that  when  amylase  is  trapped  within  liposomes  that  are  then 
taken  up  by  the  cells  the  amylase  is  associated  with  the  particulate 
fraction  -  not  with  the  soluble  fraction  -  of  the  cell  homogenate  suggesting 
that  pinocytosis,  not  fusion,  has  occurred.  This  interpretation  appears  to 
be  incompatible,  however,  with  the  fact  that  these  experiments  were  carried 
out  under  conditions  (12°)  where  pinocytosis  does  not  normally  occur.  Further- 
more, when  soluble  amylase  is  taken  up  by  pinocytosis  it  is  rapidly  inactiva- 
ted by  proteases  and  no  amylase  activity  can  be  recovered  from  the  cells 
contrary  to  the  100%  recovery  of  amylase  from  the  cells  which  were  incubated 
with  amylase  inside  of  liposomes . 

Significance  to  Bio-medical  Research:  Membrane  fusion  is  a  little  understood 
process  of  fundamental  importance  in  many  cell  phenomena  such  as  cell  division, 
and  hormone  secretion  in  addition  to  phagocytosis  which  serves  a  major  role 
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in  the  response  of  the  organism  to  infection. 

Proposed  Course  of  Research: 

1.  We  intend  to  pursue  this  model  system  further  in  attempts  to  find  means 
(perhaps  by  addition  of  cell  fractions)  to  induce  liposome- liposome  fusion 
and  to  explore  the  effect  of  lysophospholipids  on  membrane  permeability. 

2.  Experiments  on  the  uptake  of  liposomes  by  cells  will  be  continued  with 
other  markers  of  the  internal  space  to  attempt  to  resolve  the  present  paradox 
whether  liposomes  are  taken  up  by  cells  by  membrane  fusion  or  by  pinocytosis  . 

3.  Experiments  will  be  initiated  to  determine  the  fate  of  the  membrane  of 
phagocytic  vesicles  from  the  time  of  their  formation  from  the  plasma  membrane, 
through  the  several  cytoplasmic  fusions,  until  they  refuse  with  the  cell 
surface. 

Publications:  None 
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Project  Description: 

Objectives:  To  elucidate  the  structural  basis  of  biochemical  and  physiological 
events  in  the  soil  ameba,  Acanthamoeba  castellanii.  Our  current  emphasis  is 
on  understanding  more  about  the  interrelationships  and  possible  interconver- 
sions  of  internal  membrane  systems  with  those  of  the  plasma  membrane  through 
biochemical  and  morphological  studies  of  endocytosis  and  through  morphological 
studies  of  the  membranes  with  freeze- fracture  replication  and  enzyme  cyto- 
chemistry. 

Methods  employed: 

1.  Transmission  electron  microscopy  is  being  used  for  the  study  of  fixed  and 
embedded  cells  and  for  evaluation  of  isolated  cell  fractions. 

2.  The  light  microscope  with  phase  contrast  and  Nomarski  interference  optics 
is  being  used  for  the  study  of  living  cells  . 

3.  The  technique  of  freeze-fracture  replication  (also  dependent  on  transmiss- 
ion microscopy)  is  being  used  for  examination  of  surface  membrane  morphology . 

4.  Routine  and  special  biochemical  and  cytochemical  procedures  are  carried 
out  as  necessary  to  prepare  specimens  for  observation  with  the  microscopic 
procedures . 

Major  Findings: 

1.  Current  work  is  concentrating  on  the  structure  of  the  plasma  membrane  as 
revealed  by  freeze-fracture  replication,  a  technique  that  allows  visualization 
of  the  molecular  structure  of  the  membrane.  Fixed,  embedded  plasma  membrane 
of  this  ameba  shows  no  structure  external  to  the  outer  leaflet  of  the  membrane, 
but  replicas  of  frozen-etched  membranes  show  a  high  density,  patterned 
arrangement  of  particles  on  the  external  surface.  The  structure  of  the 
external  surface  is  also  seen  in  negatively  stained  membranes .  The  fracture 
faces  derived  from  the  splitting  of  the  frozen  membrane  are  asymmetric.  The 
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inner  fracture  face  (A  face)  has  a  particle  density  on  the  order  of  200/nm^, 
The  particles  are  of  two  sizes,  about  6.5  nm  and  about  8,5  nm.  The  shadow 
shapes  of  these  particles  suggest  plastic  deformation  during  fracture.  The 
larger  particles  occur  singly  and  are  randomly  distributed.  The  smaller 
particles  are  frequently  found  in  tight  groups  of  three.  The  outer  fracture 
face  (B  face)  shows  a  smaller  number  of  particles  similar  to  the  large  parti- 
cles seen  on  the  inner  fracture  face,  but  also  displays  many  particles  and 
short  filaments  that  extend  only  slightly  above  the  fracture  plane;  hence 
their  visibility  depends  on  the  shadow  angle.  The  true  inner  surface  of  the 
membrane  can  be  seen  only  after  deep  etching  of  isolated  membranes.  Unlike 
the  other  surfaces  observed,  the  true  inner  surface  of  the  membrane  does  liot 
show  appreciable  numbers  of  particles.   Instead  it  appears  relatively  smooth 
and  has  variable  numbers  of  elongate  elements  about  7  nm  by  21  nm.  Less 
frequently  seen  are  thicker  elements  about  23  nm  by  46  nm  with  a  distinct 
ridged  structure. 

Particles  seen  within  fracture  planes  of  phospholipid  bilayers  have  been 
identified  in  some  instances  as  polypeptides,  and  the  density  of  particles 
observed  on  a  given  membrane  fracture  face  is  correlated  with  the  metabolic 
properties  of  the  membrane.  The  relatively  low  particle  density  observed  on 
the  fracture  faces  in  Acanthamoeba  plasma  membranes  is  consistent  with  the 
lack  of  active  transport  functions  in  this  membrane  and  its  relatively  simple 
protein  composition.  The  apparent  plastic  deformation  of  some  particles 
during  fracture  suggests  that  those  particles  extend  through  the  bilayer. 
Most  of  the  particles  seen  on  the  outer  fracture  face  do  not  appear  to  have 
been  deformed  by  the  fracture,  thus  may  be  limited  to  the  outer  half  of  the 
membrane,  and  are  probably  in  part  related  to  the  structure  seen  on  the  outer 
surface.  All  of  the  sugars  of  this  membrane  are  contained  in  a  glycolipid, 
termed  lipophosphonoglycan.  We  have  previously  shown  that  lipophosphonoglycan 
is  present  at  both  the  inner  and  outer  surface  of  the  membrane,  so  the  high 
particle  density  found  on  the  outer  surface  cannot  be  correlated  with  a 
"glycocalyx" . 

2.  As  part  of  a  continuing  collaboration  with  Dr.  Enrico  Cabib,  NIAMD,  who 
is  studying  the  localization  of  chitin  and  the  enzymes  controlling  the 
synthesis  of  chitin  in  yeast,  we  have  recently  examined  the  effect  of  a 
specific  inhibitor  of  chitin  synthetase,  Polyoxin  D,  on  septum  formation  in 
Saccharomyces  cerevisiae .  Polyoxin  D  has  been  demonstrated  by  others  to  be 
a  potent  and  specific  inhibitor  of  the  purified  enzyme.   Incubation  of  yeast 
cells  with  Polyoxin  D  resulted  in  the  appearance  of  abnormal  cells  after  one 
generation's  growth  in  the  presence  of  inhibitor.  The  abnormal  cells  were 
concentrated  by  gradient  centrlfugation  and  examined  with  the  electron  micro- 
scope. This  examination  showed  that  the  abnormal  cells  failed  to  form  a 
primary  septum  and  as  a  consequence  the  secondary  wall  was  laid  down  in  an 
abnormal  pattern.  It  was  shown  biochemically  that  chitin  synthesis  was  90% 
inhibited  in  the  presence  of  Polyoxin  D.  The  other  polysaccharides  of  yeast 
wall,  mannan  and  glucan,  were  not  at  all  or  only  slightly  affected  by  incuba- 
tion of  cells  in  Polyoxin.  These  studies  provide  additional  evidence  that 
the  primary  septum  in  Saccharomyces  is  composed  of  chitin  and  demonstrate 
that  specific  inhibition  of  chitin  synthetase  can  be  demonstrated  in  vivo. 
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Serial  No.:  NHLI-28 

Significance  to  Bio-medical  Research:   Phagocytosis  is  a  major  mechanism  of 
defense  against  infection  and  pinocytosis  promises  a  means  of  therapy  in 
certain  storage  diseases  in  which  lysosomal  enzymes  are  defective.  Both  of 
these  processes  take  place  at  high  rates  in  the  ameba  and  can  be  easily 
studied  with  this  organism. 

Proposed  Course  of  Research:  Attempts  will  be  made  to  extend  the  information 
on  the  nature  of  the  membrane  structures  visible  with  freeze- fracture  repli- 
cation techniques  by  using  specific  markers  and  reagents  (e.g.  enzymes)  for 
identification  of  the  class  of  compounds  involved  .  We  plan  to  complete  a 
description  of  the  events  of  phagocytosis  in  Acanthamoeba  at  the  ultra- 
structural  level,  with  special  emphasis  on  the  role  of  cytoplasmic  micro- 
fibrils in  the  process. 

Publications : 

Bowers,  B,  and  Korn,  E.D.:  Cytochemical  identification  of  phosphatase 
activity  in  the  contractile  vacuole  of  Acanthamoeba  castellanii  .  J.  Cell  Biol . 
59:  784-791,  1973. 

Cabib,  E.,  Farkas,  V.,  Ulane,  R.E.  and  Bowers,  B.:  Yeast  septum  formation  as 
a  model  for  morphogenesis.  In  Villaneuva,  J.R.,  Garcia-Acha,  I.,  Gascon,  S. 
anv  Uruvuru,  F.  (eds.):  Yeast,  Mould ,  and  Plant  Protoplasts  .  London,  Academic 
Press,  Inc.,  1973,  pp.  105-116. 
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ANNUAL  REPORT  OF  THE 
LABORATORY  OF  CELLULAR  METABOLISM 
NATIONAL  HEART  AND  LUNG  INSTITUTE 
July  1,  1973  through  June  30,  1974 

Research  in  the  Laboratory  of  Cellular  Metabolism  (formerly  the  Section  on 
Metabolism,  Molecular  Disease  Branch)  despite  some  changes  in  emphasis  during 
the  past  year  continues  to  be  concentrated  in  the  five  main  sectors.  These 
are  (1)  the  regulation  of  lipolysis  in  fat  cells  including  studies  of  the 
hormone-sensitive  lipase,  cyclic  AMP  phosphodiesterase  and  adenylate  cyclase, 
(2)  the  metabolism  of  cyclic  GMP  and  cyclic  AMP  in  lung,  leukocytes  and 
arterial  smooth  muscle,  (3)  the  role  of  cyclic  AMP  and  cyclic  GMP  in  modula- 
tion of  growth  and  function  of  cultured  cells,  (4)  the  mechanisms  by  which 
release  of  histamine  from  mast  cells  is  initiated  and  terminated,  (5)  the  con- 
trol of  cholesterol  synthesis,  specifically  the  control  of  HMGCoA  reductase 
activity  in  human  fibroblasts.   Some  of  the  major  findings  are  outlined  below. 

A.  Regulation  of  Lipolytic  Activity  in  Fat  Cells 

1.  Hormone  Sensitive  Lipase;   In  order  finally  to  elucidate  the  molecular 
basis  for  activation  and  inactivation  of  this  enzyme  which  catalyzes  the  rate- 
limiting  step  in  triglyceride  breakdown,  a  homogeneous  preparation  will  be  re- 
quired.  Several  years  ago  we  reported  a  procedure  for  partial  purification 
that  has  been  useful  for  numerous  studies  and  enabled  us  to  describe  for  the 
first  time  some  characteristics  of  the  inactivation  system.  The  lipase  in 
this  preparation,  however,  remained  associated  with  other  proteins  in  large 
aggregates  and  all  attempts  to  separate  it  were  unsuccessful  or  led  to  large 
losses  of  activity.  This  has  also  been  the  experience  of  other  workers  in 
the  field.  During  the  past  year  using  gel  chromatography  in  the  presence  of 

1  M  NaCl,  we  have  been  able  to  obtain  the  lipase  in  a  relatively  stable  form 
of  molecular  weight  <100,000,  and  it  appears  that  the  lipase  can  be  extensively 
purified  in  this  form. 

2.  Lipoprotein  Lipase:  Lipoprotein  lipase  synthesized  in  fat  cells  must 
be  released  in  order  to  reach  its  substrate,  the  triglyceride  of  circulating 
lipoproteins.  Our  findings  and  those  of  others  are  consistent  with  the  view 
that  activation  of  the  lipase  is  an  important  part  of  this  process.  We  have 
now  been  able  to  demonstrate  accumulation  of  apparently  newly  activated 
lipase  in  the  cells  as  well  as  in  the  medium,  and  in  this  system  it  may  be 
possible  to  define  and  to  study  the  activation  and  the  release  of  lipoprotein 
lipase  more  or  less  independently.  Our  observations  on  the  subcellular  dis- 
tribution of  lipoprotein  lipase  document  the  fact  (not  universally  appreci- 
ated) that  unless  total  cell  lipoprotein  lipase  is  measured  significant 
changes  can  be  overlooked.  We  have  found  that  a  large  part,  if  not  all,  of 
the  enzyme  is  particle-bound.  Work  on  the  lipoprotein  lipase  has  been  sus- 
pended for  most  of  the  past  year,  but  whfti  resumed  it  will  be  important  to 
determine  whether  the  effects  of  serum  ai  d  of  heparin  on  lipoprotein  release 
from  fat  cells  studied  last  year  can  be  further  characterized  using  subcellu- 
lar fractions. 
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3.  Cyclic  AMP  Phosijhodlesterase;  When  accumulation  of  cyclic  AMP  is  in- 
duced in  fat  cells  either  by  stimulating  its  formation  with  epinephrine  (or 
ACTH)  or  by  inhibiting  its  degradation  with  theophylline,  there  is  a  rapid 
increase  in  phosphodiesterase  activity  as  reported  last  year.  The  change  is 
confined  to  a  fraction  of  thf.  high  affinity  enzyme  that  is  apparently  mem- 
brane-bound and  results  from  an  increase  in  maximal  velocity  with  relatively 
little  change  in  the  Km  for  cyclic  AMP.  The  activity  of  this  phosphodiester- 
ase was  correlated  with  the  cyclic  AMP  content  of  fat  cells  at  several  times 
after  the  addition  of  hormone  or  theophylline.   Both  reached  a  maximum  within 
5  min  and  then  declined  to  approach  basal  levels  after  20  or  30  min  with  the 
decrease  in  enzyme  activity  tending  to  lag  behind  the  fall  in  cyclic  AMP.  All 
findings  were  consistent  with  our  earlier  suggestion  that  the  activity  of  a 
specific  component  of  the  fat  cell  phosphodiesterase  can  be  acutely  modified 
by  the  concentration  of  its  substrate,  cyclic  AMP.  ..^.;i:,   ic  I-'ij 

Treatment  of  rats  with  thyroxine  or  triiodothyronine  (T,)  enhances  the 
responsiveness  of  their  fat  cells  to  epinephrine  and  other  lipolytic  hormones. 
It  was  shown  several  years  ago  in  this  laboratory  that  addition  of  T^  to  fat 
cells  in  vitro  produced  very  similar  effects  on  lipolysis,  although  the  con- 
centrations required  Were  high.   In  addition,  the  in  vitro  effects  were  essen- 
tially immediate  and  rapidly  reversible,  unlike  those  of  T3  administered 
in  vivo.   We  have  now  carried  out  further  studies  to  determine  whether  the 
two  kinds  of  effects  of  T,  on  lipolysis  are  in  fact  the  same  and  whether  they 
are  secondary  to  decreased  phosphodiesterase  activity  with  resulting  enhance- 
ment of  cyclic  AMP  accumulation  in  response  to  hormonal  stimulation  of  adenyl- 
ate cyclase.  We  found  that  T3  directly  inhibits  the  high  affinity  particulate 
phosphodiesterase  from  fat  cells  (but  not  the  low  affinity  soluble  enzyme)  and 
conclude  that  this  is  the  basis  for  the  in  vitro  effect  of  T3  on  the;  cyclic 
AMP  content  of  fat  cells  which  we  have  also  observed.   On  the  other  hand,  re- 
sults of  work  in  progress  suggest  that  alterations  of  thyroid  status  in  vivo 
are  associated  with  modification  of  adenylate  cyclase  rather  than  phosphodi- 
esterase activity.  Thus,  it  appears  that  the  in  vitro  effect  of  T3  on  lipoly- 
sis, despite  its  similarity  to  the  physiological  one,  is  based  on  a  different, 
essentially  pharmacological,  mechanism. 

4.  Adenylate  Cyclase;  It  has  been  shown  since  the  early  work  of 
Sutherland  and  co-workers  that  fluoride  enhances  the  activity  of  adenylate 
cyclase  from  most  mammalian  tissues,  and  it  is  often  stated  that  activity 
assayed  in  the  presence  of  fluoride  represents  "total"  adenylate  cyclase, 
although  the  mechanism  of  action  of  fluoride  is  completely  unknown.  Last  year 
we  initiated  an  investigation  of  the  effects  of  sodium  fluoride  on  the  f dt ' 
cell  adenylate  cyclase  in  order  to  increase  our  understanding  of  the  means  by 
which  the  activity  of  this  key  enzyme  is  regulated.  We  have  found  that  the 
stimulatory  effect  of  fluoride  (which  is  essentially  immediate)  is  initially 
reversible.  The  extent  of  reversibility  decreases  with  time,  and  after  10  or 
15  min  exposure,  to  fluoride  activation  is  apparently  irreversible.  Thus,  the 
enzyme  can  be  activated  by  incubation  with  fluoride  before  assay  as  well  aS 

by  addition  of  fluoride  to  the;  assay  system,  and  we  have  obtained  evidence' ' 
that  both  t3T)es  of  activation  result  from  the  same  process.  Both  can  be  pre- 
vented by  pyrophosphate  in  a  concentration  that  does  not  affect  basal  adenyl- 
ate cyclase  activity  or  its  hormonal  responsiveness.  The  capacity  of  the 
cyclase  to  be  stimulated  by  fluoride  is  rapidly  lost  when  the  enzyme  is 
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!lncubated  at  30°  in  the  presence  of  MgCl2  but  it  Is  retained  when  all  of  the 
components  of  the  assay  system  are  present  during  the  Incubation  period. 
These  and  other  observations  are  consistent  with  our  hypothesis  that  fluoride 
activation  of  adenylate  cyclase  (and  its  reversal)  may  be  the  result  of 
enzymatic  processes. 

When  added  to  the  usual  assay  system,  fluoride  Inhibits  as  well  as 
stimulates  adenylate  cyclase.  The  activity  measured,  therefore.  Is  the  net 
result  of  these  two  effects.   Inhibition  can  be  demonstrated  when  the  enzyme 
Is  activated  by  prior  Incubation  with  fluoride,  by  cholera  toxin,  or  by  Iso- 
proterenol.  It  is  essentially  immediate  In  onset  and  rapidly  reversible. 
The  inhibitory  effects  of  fluoride  are  apparently  abolished  by  Mn++  ion  (which 
also  stimulates  basal  cyclase  activity)  but  are  unaffected  by  pyrophosphate 
In  concentrations  that  completely  prevent  fluoride  activation.  Our  findings 
clearly  demonstrate  that  the  activity  assayed  in  the  presence  of  fluoride  does 
not  reflect  "total"  adenylate  cyclase  and  provide  a  number  of  new  clues  to  the 
regulatory  properties  of  this  enz3nne. 

B.  Metabolism  of  Cyclic  GMP  and  Cyclic  AMP  in  Lung,  Leukocytes  and  Arterial 
Smooth  Muscle 

We  found  last  year  that  bradyklnln  as  well  as  acetylcholine  caused  accu- 
mulation of  both  cyclic  GMP   and  cyclic  AMP  in  lung  slices  and  presented  evi- 
dence for  our  view  that  the  rise  in  cyclic  AMP  is  secondary  to  enhanced  syn- 
thesis of  prostaglandins,  a  consequence  of  the  effects  of  these  agents  on 
cyclic  GMP  metabolism.  Because  of  the  cellular  heterogeneity  of  the  lung,  we 
have  chosen  to  continue  Investigation  of  the  control  of  cyclic  GMP  metabolism, 
about  which  little  is  known,  using  other  tissues  and  homogeneous  populations 
of  cells. 

As  an  example  of  mammalian  arterial  anooth  muscle,  we  have  used  human 
tmiblllcal  artery.  We  have  found  that  in  this  tissue,  in  contrast  to  most 
others,  the  concentration  of  cyclic  QSP   is  as  high  or  higher  than  that  of 
cyclic  AMP.  Bradyklnln,  1  pg/ml,  caused  rapid  accumulation  of  cyclic  GMP 
which  rose  300-400%  In  30  sec,  reached  a  peak  (ca.  10  times  basal)  in  2  min 
and  declined  thereafter.  A  similar  Increase  in  cyclic  GMP  was  produced  by 
exposure  of  the  tissue  to  1  uM  histamine  for  2  min.  The  effects  of  acetyl- 
choline and  serotonin  were  equally  rapid  but  were  somewhat  smaller  (300- 
400%  at  2  min)  than  those  of  the  other  agents.  All  of  these  agonists  are 
known  to  cause  contraction  of  the  umbilical  artery  and  the  concentrations 
required  are  of  the  same  magnitude  as  those  used  in  our  studies.  Atropine 
prevented  the  effects  of  acetylcholine,  and  pyrilamine  (a  so-called  H^ 
blocker)  prevented  those  of  histamine.  Neither  of  these  compounds  interfered 
with  the  action  of  any  other  of  the  agonists.   Burimamlde,  a  H2  blocker, 
itself  caused  accumulation  of  cyclic  GMP  and  was  therefore  not  tested  as  an 
antagonist.   Bradyklnln,  histamine,  acetylcholine  and  serotonin  had  no  demon- 
strable effect  on  the  cyclic  AMP  content  of  the  artery,  and  no  effects  of 
catecholamines  and  several  prostaglandins  on  either  nucleotide  were  observed. 
All  of  our  observations  thus  far  are  consistent  with  the  view  that  the  con- 
traction of  arterial  smooth  muscle  caused  by  histamine,  bradyklnln,  serotonin 
and  acetylcholine  may  be  a  consequence  of  the  accimiulatlon  of  cyclic  GMP 
caused  by  these  agents. 
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Results  of  preliminary  studies  suggest  that  the  cyclic  GMP  concentration 
in  the  artery  can  also  be  affected  by  oxygen  tension,  and  it  appears  that 
this  nucleotide  may  be  a  mediator  of  the  local  circulatory  changes  associated 
with  anoxia.  These  studies  are  continuing,  and  in  order  to  gain  further  in- 
sights into  the  mechanisms  for  control  of  cyclic  6MF  metabolism,  experiments 
with  cultured  arterial  smooth  muscle  cells  have  been  initiated. 

Since  it  has  been  suggested  that  cyclic  GMP  may  play  a  role  in  phagocy- 
tosis and  the  associated  release  of  lysosomal  enzymes,  a  brief  series  of 
experiments  with  human  peripheral  blood  leukocytes  was  undertaken  this  year. 
No  effect  of  phagocytosis  (polystyrene  beads)  on  cyclic  GMP  content  of  these 
cells  was  demonstrable.  Serotonin  alone  of  several  agents  tested  consistently 
produced  a  small  increase  in  cyclic  GMP   in  mixed  leukocyte  preparations. 
After  separation  of  cells,  it  was  found  that  polymorphonuclear  leukocytes 
were  unaffected  by  serotonin  while  the  mononuclear  cell  preparations  (ca.  60% 
lymphocytes  and  25%  monocytes)  responded  with  a  10-fold  elevation  of  cyclic 
GMP  content  and  no  change  in  cyclic  AMP.  Melatonin  but  not  histamine,  brady- 
kinin,  or  acetylcholine  similarly  raised  cyclic  GMP  concentration  in  the 
mononuclear  cells.  The  functional  significance  of  these  effects  of  serotonin 
and  melatonin  is  unknown,  and  after  testing  a  few  more  substances  reputed  to 
influence  leukocyte  migration  and/or  chemotaxis,  this  exploratory  project 
will  be  terminated. 

C.  Role  of  Cyclic  AMP  and  Cyclic  GMP  in  Modulation  of  Growth  and  Function 
of  Cultured  Cells 

Last  year  we  found  that  the  capacity  of  human  fibroblasts  to  accumulate 
cyclic  AMP  in  response  to  isoproterenol  or  prostaglandin  E]^  (PGEj^)  varied 
widely  depending  on  duration  of  time  in  subculture.   Further  studies  revealed 
that  on  any  given  day  of  subculture  responsiveness  to  each  of  the  agents  was 
a  function  of  cell  density.   These  and  other  observations  led  us  to  postulate 
that  the  capacities  of  the  cells  to  respond  to  Isoproterenol  and  to  PGEj^, 
respectively,  can  change  independently  during  the  cycle  of  cell  replication. 
Experiments  with  synchronized  cultures  of  human  fibroblasts  designed  to  test 
this  hypothesis  are  now  in  progress.   In  the  course  of  these,  we  plan  also 
to  obtain  preliminary  data  on  cyclic  GMP  metabolism  during  the  cell  cycle. 
We  have  further  found  that  responsiveness  to  isoproterenol  and  PGEj^  is  dif- 
ferentially affected  by  exposure  of  fibroblasts  to  cholera  toxin,  which 
itself  causes  accumulation  of  cyclic  AMP  as  a  result  of  increasing  adenylate 
cyclase  activity.   These  continuing  studies  are  designed  to  learn  more  about 
the  regulation  of  cyclic  AMP  metabolism  in  fibroblasts  and  the  mechanism  of 
the  effects  of  choleragen. 

D.  Release  of  Histamine  from  Mast  Cells 

Dextran  causes  release  of  histamine  from  rat  mast  cells  in  a  genetically 
determined  reaction  that  in  many  ways  resembles  anaphylactic  release.   It 
has  been  suspected  that  an  antibody  may  be  involved.  We  could  not,  however, 
demonstrate  precipitating  antibodies  to  dextran  in  sertjm  from  susceptible 
rats  using  gel  diffusion.   Furthermore,  we  were  unable  to  induce  passive 
cutaneous  anaphylaxis  or  to  sensitize  mast  cells  to  dextran  by  transfer  of 
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serum  from  susceptible  rats  to  rats  (or  mast  cells  therefrom)  of  a  strain  in 
which  dextran  does  not  cause  histamine  release.  These  studies  appear  to  rule 
out  not  only  precipitating  antibodies  but  also  nonpreclpltatlng  antibodies 
of  the  IgE  type  as  a  basis  for  the  dextran  reaction. 

Both  dextran  and  antigen,  in  addition  to  inducing  the  rapid  release  of 
histamine  under  appropriate  conditions,  are  known  to  cause  desensitization 
of  the  mast  cells  such  that  a  seccnl  exposure  to  the  stimulus  causes  no 
further  histamine  release.  Desensitization  has  not,  however,  previously  been 
considered  as  a  factor  in  the  control  of  histamine  release  resulting  from  an 
initial  exposure  to  dextran  or  antibody-  In  a  continuation  of  studies  begun 
last  year,  we  have  found  that, under  many  conditions  (differences  in  tempera- 
ture, concentrations  of  dextran  and  calcium,  additions  of  drugs  and  other 
agents)  which  markedly  changed  the  rate  and  duration  of  histamine  release, 
release  always  stopped  at  essentially  the  same  time  that  the  cells  became  de- 
sensitized to  dextran.  Analogous  experiments  with  mast  cells  from  rats 
immunized  with  egg  albumin  in  which  histamine  release  was  Induced  with  the 
antigen  yielded  similar  findings.  Thus,  the  duration  of  histamine  release, 
whether  induced  by  dextran  or  antibody,  appears  to  be  determined  by  cell 
desensitization  which  causes  cessation  of  release  and  is  therefore  a  major 
factor  in  determining  the  magnitude  of  release  of  histamine  and  probably 
other  vasoactive  compounds  that  have  been  implicated  in  the  pathogenesis  of 
many  allergic  and  inflammatory  processes. 

E.  Control  of  Cholesterol  Sjmthesis  in  Human  Fibroblasts 

Last  year  we  began  studies  of  hydroxymethyl  glutaryl  coenzyme  A  ,(HMGCoA) 
reductase  in  cultured  human  fibroblasts.   In  many  cells  this  enzyme  cata- 
lyzes the  rate-limiting  step  in  cholesterol  synthesis  and  has  been  shown  to 
be  the  site  at  which  negative  feed-back  regulation  is  exerted.  Because  the 
standard  method  for  assay  of  this  enzyme  is  extremely  time  consuming,  we 
devised  this  year  a  new  one-step  procedure  for  separation  and  purification 
of  the  reaction  product  for  radloassay  that  is  proving  very  useful. 

We  had  reported  several  years  ago  that  cholesterol  synthesis  In  normal 
human  fibroblasts  was  stimulated  by  llpld-free  serum  and  inhibited  by  lipo- 
proteins. We  have  now  shown  that,  after  removal  of  these  cells  from  medium 
containing  whole  serum,  incubation  for  24  hr  in  medium  containing  lipid-free 
serum  causes  a  30-60-fold  rise  In  HMGCoA  reductase  activity,  i.e.,  in  cells 
growing  in  whole  serum,  enzyme  activity  was  depressed  to  a  level  only  a  few 
percent  of  that  found  In  cells  Incubated  with  lipid-free  serum.   In  fibro- 
blasts from  three  patients  homozygous  for  Type  II  hyperlipoproteinemia 
(obtained  from  Dr.  D.  S.  Fredrickson,  Molecular  Disease  Branch,  National 
Heart  and  Lung  Institute)  after  incubation  with  lipid-free  serum,  HMGCoA  re- 
ductase activity  was  not  different  from  that  in  normal  cells  under  the  same 
conditions.   Incubation  with  whole  serur  ,  however,  depressed  enzyme  activity 
of  the  Tjrpe  II  cells  significantly  less  Chan  it  did  that  of  normals.   Thus, 
on  removal  from  the  growth  medium  containing  serum,  HMGCoA  reductase  activ- 
ity was  approximately  10  times  higher  in  Type  II  cells  than  it  was  In  normals. 
This  impairment  in  negative  feed-back  regulation  of  cholesterol  syEi':hesls 
that  we  have  observed  in  the  fibroblasts  from  three  patients  with  Type  II 
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hyperlipoproteinemia  is  apparently  less  severe  than  that  recently  reported 
by  Goldstein  and  Brown  for  cells  from  several  other  patients  with  this  syn- 
drome. Further  study  should  establish  whether  the  quantitative  differences 
between  their  findings  and  ours  are  due  to  differences  in  experimental  con- 
ditions or  reflect  some  heterogeneity  in  the  population  phenotypically  desig- 
nated as  Type  II  hyperlipoproteinemia. 

We  found  last  year  that  HMGCoA  reductase  activity  (and  cholesterol  syn- 
thesis) was  increased  in  normal  fibroblasts  after  incubation  with  insulin 
for  several  hours.  This  effect  of  insulin  appears  to  be  unrelated  to  feed- 
back control  as  the  cells  from  Type  II  patients  responded  to  insulin  in  a 
manner  indistinguishable  from  that  of  the  normal  fibroblasts.   In  a  continu- 
ing investigation  of  the  insulin  effect  in  the  normal  cells  incubated  without 
serum,  we  have  now  shown  that  dexamethasone,  which  itself  has  little  effect 
on  reductase  activity,  can  enhance  the  increase  produced  by  insulin. 
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Project  description: 

Objectives:   To  study  hormonal  and  feedback  control  of  sterol  and 
fatty  acid  synthesis  in  cells  grovm  in  culture  and  in  arterial  and  muscle 
tissues  in  vitro. 

Methods:   Cultures  of  human  fibroblasts  obtained  from  Dr.  D.  S. 
Fredrickson,  Dr.  H.  Sloan  and  Dr.  J.  L.  Breslow  were  maintained  by  standard 
methods.   For  studies,  cell  monolayers  were  grown  to  confluency,  then 
incubated  in  minimal  essential  medium  with  additions  as  indicated  (e.g., 
hormones,  serum  or  fractions  thereof).   Lipid  synthesis  was  determined  by 
Incubating  cell  cultures  with  radioactively  labeled  precursors  while  the 
activity  of  hydroxymethylglutaryl  coenzyme  A  reductase  (HMGCoA  reductase) 
was  assayed  in  cell  homogenates  incubated  with  HMGCoA.   The  previously  used 
method  for  isolation  of  the  labeled  enzymatic  product  (mevalonic  acid) 
required  thin  layer  chromatography  and  was  extremely  tedious.   We  have 
recently  devised  a  modified  procedure  in  which  the  mevalonic  acid  (in  a 
lactone  form)  is  isolated  for  mdioassay  by  an  anion  exchange  column 
chromatography.   With  this  modification,  the  analytical  procedure  does 
not  limit  any  longer  the  number  and  size  of  the  experiments  that  can  be 
carried  out  during  any  period  of  time. 

Major  Findings: 

A.   The  effect  of  insulin. 

The  findings  reported  in  1973  were  further  extei.Jed.   It  was 
shown  that  insulin  stimulates  the  HMGCoA  reductase  in  fibroblasts  derived 
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from  type  II  hyperlipemic  homozygotes  to  an  extent  similar  to  that  observed 
in  control  cells.   The  insulin  effect  seems,  therefore,  to  be  unrelated  to 
the  feedback  control  which  is  impaired  in  the  homozygous  cells  (vide  infra) . 
In  the  absence  of  serum  a  synergistic  stimulation  by  insulin  and  dexametha- 
sone  of  reductase  activity  in  fibroblasts  was  demonstrated.  Dexomethasone 
alone  had  only  a  marginal  effect  on  the  enzyme.   Long  term  incubation  with 
cyclohexlmide  at  low  concentrations  led  to  a  marked  decrease  in  reductase 
activity  parallelling  the  previously  observed  inhibition  of  lipid  synthesis. 

B.   Feedback  control  in  human  fibroblasts  derived  from  Type  II 
hyperlipemic  homozygote  individuals. 

This  study  was  a  logical  extension  of  the  previous  investigations 
carried  out  in  this  laboratory  on  the  stimulation  of  sterol  synthesis  by 
lipid-free  serum  preparations  and  the  inhibitory  effect  thereon  by  lipo- 
proteins in  human  fibroblasts  and  other  cells  (Biochim  Biophys  Acta 
218:  381  (1970),  ibid  270:  279  (1972),  ibid  260:  413  (1972)).   The  finding 
that  the  normally  occurring  feedback  inhibition  of  cholesterol  synthesis  is 
absent  in  fibroblasts  derived  from  homozygous  type  II  hyperlipemic  indivi- 
duals has  been  reported  by  Brown,  Goldstein  and  coworkers.   The  problem  was 
further  investigated  by  us  in  cooperation  with  Dr.  D.  S.  Fredrickson, 
using  three  fibroblast  cell  lines  derived  from  affected  individuals  and 
collected  at  the  NIH  clinic.   Incorporation  of  acetate  Into  lipids  and 
the  activity  of  HMGCoA  reductase  were  studied.   The  results  indicate  a 
significant  quantitative  difference  between  the  homozygous  type  II  cells 
and  the  normal  controls,  but  they  do  not  support  the  findings  of  Goldstein 
and  Brown  (Proc  Nat  Acad  Sci  USA  70:  2804,  1973)  on  the  complete  absence 
of  feedback  inhibition  in  these  cells.   Our  experiments  revealed  no  major 
difference  between  the  levels  of  lipid  synthesis  in  control  and  homozygous 
cells  when  they  were  Incubated  with  the  same  type  of  medium.   There  was, 
however,  a  quantitative  difference  between  the  inhibitory  effect  of  low 
density  lipoprotein  (50  }ig   cholesterol/ml)  added  to  a  medium  containing 
d.1.21  Infranatant  in  controls  (50-60%  inhibition)  and  homozygous  cells 
(15-34%  inhibition). 

The  HMGCoA  reductase  activity  increased  considerably  after  a 
24-hr  incubation  with  a  medium  containing  lipid-free  serum  and  reached 
similar  levels  in  all  cell  lines.   Enzyme  activity  in  cells  incubated  with 
a  medium  containing  wliole  serum  was  reduced  4.4  -  5.3  fold  in  homozygous 
cells  and  8.5  fold  or  more  in  control  cells.  Using  freshly  prepared  serum 
preparations  that  had  never  been  frozen,  the  ratios  were  found  to  be  higher 
than  in  previous  experiments  for  the  controls  (up  to  60  fold),  while  for 
the  homozygotes  they  were  only  3-6  fold.   On  adding  low  density  lipoprotein 
solution  to  the  medium  containing  lipid-free  serum,  homozygous  cells 
seemed  to  be  less  inhibited  than  controls.  The  above  results  indicate  that 
the  impairment  of  feedback  Inhibition  in  cell  lines  grown  from  type  II 
hyperlipemic  homozygotes  studied  at  the  NIH  is  less  pronounced  than  the 
one  reported  by  Goldstein  and  Brown  for  their  cell  lines  and  that  the 
metabolic  error  can,  perhaps,  express  Itself  to  a  different  degree  in 
different  individuals. 
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C.   Sterol  biosynthesis  in  arterial  tissue  in  vitro. 

It  was  previously  reported  by  us  (Biochim  BiophysActa  270:  279, 
1972)  that  following  a  prolonged  incubation  (1-2  days)  of  rabbit  arterial 
tissue,  a  spontaneous  large  increase  in  sterol  synthesis  occurs.   The 
increase  is  greater  when  the  incubation  medium  contains  lipid-free  serum 
than  in  the  presence  of  whole  serum  or  in  the  absence  of  any  serum  protein. 
In  parallel  to  the  above  findings,  the  activity  of  HMGCoA  reductase  have 
now  been  found  to  be  greatly  stimulated  following  incubation  of  rabbit 
aorta  in  a  medium  containing  lipid-free  serum.   Similar  studies  are  also 
being  conducted  with  rat  diaphragm.   The  in  vitro  stimulation  is  likely 
to  be  due  to  an  influx  of  newly  synthesized  enzyme  and  may  be  the  result 
of  an  in  vitro  breakdown  of  the  physiological  restraining  mechanism 
normally  present  in  vivo.   The  phenomenon  has  been  hitherto  unknown  and 
deserves  further  study. 

Significance  to  Heart  and  Lung  Research:   Hormonal  regulation  of 
sterol  synthesis,  feedback  control  in  normal  and  hyper lipemic  individuals 
and  unknown  factors  affecting  cholesterol  synthesis  in  arterial  tissue 
are  all  of  considerable  relevance  to  heart  research. 

Proposed  Course;   It  is  proposed  to  engage  in  a  basic  study  of  the 
enzymatic  system  of  HMGCoA  reductase  in  the  fibroblast  cell  in  order  to 
understand  better  the  regulatory  mechanisms  that  control  its  activity. 

Publications: 

Bhathena,  S.  J.,  Avigan,  J.  and  Schreiner,  M.  E.   Effect  of  insulin 
on  sterol  and  fatty  acid  synthesis  and  hydroxymethylglutaryl  CoA  reductase 
activity  in  mammalian  cells  grown  in  culture.   Proc.  Nat.  Acad.  Sci.  USA 
71,  No.  6,  1974. 
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Project  Description: 

Objectives:   To  study  mechanisms  controlling  histamine  release 
from  mast  cells. 

Methods :  Mast  cells  are  obtained  by  washing  out  the  peritoneal 
cavity  of  Sprague-Dawley  rats,  and  are  resuspended  in  modified  Krebs- 
Rlnger  phosphate.   In  recent  experiments,  the  rats  have  been  immunized 
with  egg  albumin  and  pertussis  vaccine  prior  to  harvesting  the  mast  cells. 
The  release  of  histamine  (rate,  duration,  and  total  quantity)  from  the 
cells  by  dextran  or  specific  antigen  (egg  albumin)  is  then  studied 
under  various  conditions. 

Major  Findings: 

(1)  Role  of  Cell  Desensitization  in  Controlling  Histamine  Release. 
The  results  described  last  year  have  been  amplified.   We  compared  time 
courses  of  histamine:  release  and  of  cell  desensitization,  determined 
simultaneously,  under  different  conditions.   The  experiments  were  based 
on  the  observation  that  a  low  concentration  of  dextran,  which  releases 
relatively  little  histamine,  will  desensitize  cells  against  a  higher 
concentration  of  dextran.   By  adding  low  dextran  to  a  number  of  replicate 
cell  samples  and  then  periodically  challenging  different  samples  with 
high  dextran,  a  desensitization  curve  was  obtained.   Under  various 
conditions  of  temperature,  dextran  concentration,  Ca"*^  concentration,  and 
drug  additions,  which  greatly  changed  the  rate  and  duration  of  histamine 
release,  histamine  release  always  stopped  at  approximately  the  same  time 
that  the  cells  became  desensitized  to  dextran.   Similar  (but  probably 
less  conclusive)  results  have  been  obtained  using  immunological  release 
by  specific  antigen.   The  results  strongly  suggest  that  the  cessation  of 
release  is  due  to  cell  desensitization,  which  therefore  plays  a  major  role 
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in  determining  how  much  histamine  Is  released.   Little  is  known  about  the 
nature  of  cell  desensitization. 

(2)  Effect  of  Temperature  on  Dextran  and  Antigen  Dose-Response 
Curves.  We  previously  found  ths.t  about  2  times  more  histamine  was 
released  by  dextran  at  25°  than  at  37°,  using  our  usual  dextran  concentra- 
tion of  1  )ig/ml,  and  we  assumed  that  the  same  release  ratio  would  be 
obtained  with  other  concentrations  of  dextran.  This  assumption,  however, 
proved  to  be  faulty.   At  25°,  a  sigmoid  dextran  dose-response  curve  was 
obtained,  with  half -maximal  release  requiring  10~2  to  10"^  |ig/ml  of 
dextran.  Changing  the  temperature  to  37°  shifted  the  relationship  so 
that  about  100-fold  more  dextran  was  required  to  give  the  same  degree  of 
release  obtained  at  25°. 

Similar  results  were  obtained  with  immunological  histamine  release 
by  specific  antigen,  about  lO'^  „g/ni  antigen  being  required  to  give 
half  maximal  release  at  25°,  and^lQ-^  jag/ml  antigen  at  37°.  However, 
with  the  higher  antigen  concentration  (10-3  to  10"!  pg/ml)  release  at 
37°  often  exceeded  that  at  25°,  a  result  seldom  obtained  with  dextran. 
Thus,  the  amount  of  histamine  released  by  dextran  or  antlger.  at  37° 
relative  to  that  released  at  25°  varied  with  changes  in  concentration  of 
the  releasing  agent. 

The  lower  release  obtained  at  37°  (compared  with  that  at  25°)  was 
entirely  reversible  by  changing  the  temperature  back  to  25  as  previously 
noted.  However,  release  was  irreversibly  abolished  by  heating  the  cells 
for  2  min  at  45°. 

(3)  Mechanism  of  Dextran  Reaction.  Dextran  releases  histairiine 
from  rat  mast  cells  in  a  genetically  determined  reaction  which  is  reminis- 
cent of  anaphylactic  release.   Involvement  of  an  antibody  in  the  reaction 
has  been  suspected  but  not  demonstrated.   We  observed  no  production  of 
precipitin  lines  by  dextran  vs  rat  serum  in  gel  diffusion  studies. 
Furthermore,  we  were  not  able  to  induce  passive  cutaneous  anaphylaxis 
(using  2-48  hr  intervals  before  challenge) ,  nor  to  sensitize  mast  cells 
for  histamine  release  by  dextran  (in  vivo  or  in  vitro) ,  by  transfer  of 
serum  from  susceptible  (Sprague-Dawley)  rats  to  rats  or  mast  cells  of 
nonsusceptible  (Wistar/Furth)  rats.  These  studies  appear  to  rule  out 

not  only  precipitating  antibodies  but  also  nonprecipltating  antibodies 
of  the  IgE  type  as  the  basis  of  the  dextran  reaction. 

Significance  to  Heart  and  Lung  Research:  The  release  of  histamine 
and  other  physiologically  active  substances  from  mast  cells  plays  an 
important  role  in  allergic  and  inflammatory  reactions ,  and  possibly  in 
normal  tissue  regulations. 

Proposed  Course;   Studies  will  be  continued  on  the  role  of  cell 
desensitization  in  controlling  immunological  reactions,  and  on  the  nature 
of  cell  desensitization.   Further  studies  will  also  be  made  on  the  role 
of  Ca"^  and  of  phosphotidyl  serine  in  the  release  reaction  and  on  the 
characteristics  of  mast  cell  receptors. 
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Publications: 

1.  Baxter,  J.  H.  Role  of  Ca"^  in  Mast  Cell  Activation,  Desensi- 
tization,  and  Histamine  Release  by  Dextran.  J.  Immunol.  Ill:  1470-1473, 
1973. 

2.  Baxter,  J.  H.,  Beaven,  M.  A.,  and  Horakova,  Z.  Effect  of 
Adrenergic  Agents,  Theophylline,  and  Other  Drugs  on  Dextran  Ederna 
and  Histamine  Release  in  Rats.   Biochem.  Pharmacol.,  1974,  in  press. 

3.  Baxter,  J.  H.  and  Adamik,  R.  Temperature  Dependence  of  Histamine 
Release  from  Rat  Mast  Cells  by  Dextran.  Proc.  Soc.  Exp.  Biol.  Med. 

146:  72-75,  1974,  in  press. 
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Project  Description: 

Objectives:   To  study  the  role  of  cyclic  AMP  and  cyclic  GMP  in  the 
modulation  of  growth,  differentiation  and  aging  of  cells  in  culture. 

Methods:  Measurement  of  cyclic  AMP  by  the  method  of  Gilman  (Proc. 
Nat.  Acad.  Sci.  67:305,  1970);  cyclic  GMP  by  our  published  method  (Proc. 
Nat.  Acad.  Sci.  68:736,  1971);  phosphodiesterase  by  our  published  methods 
(Proc.  Nat.  Acad.  Sci.  69:269,  1972;  70:3830,  1973).   Primary  and  estab- 
lished lines  grown  and  maintained  using  standard  culture  methods. 

Major  Findings: 

(1)   In  confluent  cultures  of  "young"  (  <  30  generations)  human 
fibroblasts,  maximally  effective  concentrations  of  prostaglandin  Ej^  (PGE^) 
(5.6  )iM)  and  isoproterenol  (2  pM)  increased  cyclic  AMP  (cAMP)  content 
several  hundredfold,  and  approximately  30  fold  respectively.   On  the  first 
day  after  initiation  of  subcultures  of  "young"  cells  the  magnitude  of  the 
isoproterenol  effect  was  similar  to  that  in  confluent  cultures.   It 
increased  during  the  next  several  days,  reaching  a  maximum  around  day  2-3, 
and  then  decreased  between  day  4  and  day  7 .   By  7-12  days  the  effect  of 
isoproterenol  on  cAMP  content  was  equivalent  to  that  found  in  cells  after 
20  hr  in  subculture.   The  same  pattern  of  change  in  response  to  isoprotere- 
nol with  duration  of  subculture  was  observed  in  cultures  initiated  with 
-«0.3  X  10^  cells  which  reached  confluency  after  4-5  days  and  in  those 
started  with  'v3  x  10  cells  which  were  essentially  confluent  at  initiation 
(but  which  almost  doubled  in  cell  niamber  in  8  days) .   On  any  day  during 
a  period  of  subculture,  however,  the  magnitude  of  the  isoproterenol 
effect  was  inversely  related  to  cell  density.   In  cultures  initiated  at 
low  cell  density,  the  ability  of  cells  to  accumulate  cAMP  in  response  to 
PGE,  declined,  sometimes  as  much  as  50%,  between  day  1  and  day  3.   When 

1  tl3 


Serial  No.  NHLI-31 

the  effects  of  PGE,  on  cAMP  content  were  at  a  minimum,  the  isoproterenol 
effects  were  maximal,  and  approached  those  of  PGEi.  After  day  3  or  4, 
the  effect  of  PGE-,^  on  cAMP  content  increased  steadily,  reaching  a  maximum 
by  day  7  to  11  (confluent  cultures).  In  cultures  started  at  high  density, 
the  initial  decrease  in  response  to  PGE-j^  was  less  pronounced  and  of 
shorter  duration  but  in  all  cultures,  the  effect  of  PGE,  on  cAMP  content 
was  lower  at  some  point  during  the  first  few  days  of  subculture  than 
after  day  7.   Although  the  magnitude  of  the  PGE]^  effect  was  not  as 
strikingly  related  to  cell  density  as  was  that  of  isoproterenol,  on  any 
day  of  subculture  except  the  first,  cells  in  cultures  of  higher  density 
tended  to  accumulate  more  cAMP  in  response  to  PGE]^  than  did  those  in 
lower  density  cultures.   The  effects  of  PGE,  and  isoproterenol  on  cAMP 
content  were  qualitatively  similar  in  "young"  and  in  "old"  (>60  genera- 
tions in  culture)  human  fibroblasts  although  the  changes  associated  with 
duration  of  subculture  and  cell  density  tended  to  be  less  marked  with 
"old"  cells.   In  the  "young"  fibroblasts  responsiveness  to  isoproterenol 
and  PGE]^  appears  to  correlate  with  the  fractional  rate  of  growth  in 
subcultures  and  with  cell  morphology.   It  is  suggested  that  the  capacities 
of  the  fibroblasts  to  respond  to  these  two  agents  may  be  altered  indepen- 
dently during  growth  of  human  fibroblasts. 

(2)  Within  1  hr  after  exposure  of  cultured  cells  to  cholera  toxin, 
cAMP  content  of  cells  is  markedly  increased.  The  cAMP  content  remains 
elevated,  but  declines  somewhat  over  the  next  4-5  hr.   In  addition, 
after  6  hr  of  incubation,  the  increment  in  cAMP  produced  by  PGEj^  is 
much  lower  in  those  cells  exposed  to  toxin  as  compared  to  control  cells 
whereas  the  increase  in  cAMP  produced  by  isoproterenol  in  the  toxin 
treated  cells  is  at  least  as  great  or  larger  than  in  control  cells.  Thus 
it  would  appear  that  cholera  toxin  both  increases  cAMP  content  of  cultured 
human  fibroblasts,  and  may  also  alter  the  responsiveness  of  these  cells 
to  PGE-|  and  isoproterenol.   In  addition  preliminary  evidence  suggests  that 
cholera  toxin,  despite  producing  an  increase  in  cAMP  content,  does  not 
inhibit  proliferation  of  human  fibroblasts. 

Significance  to  Heart  and  Lung  Research:   Studies  on  cAMP  and  cGMP 
metabolism  may  elucidate  the  nature  of  cellular  regulatory  processes 
whereby  hormones  exert  their  actions  on  the  cardiovascular  system. 

Proposed  Course:  We  intend  to  utilize  tissue  culture  as  a  tool 
to  study  processes  which  perhaps  independently  regulate  cellular  responsive- 
ness to  individual  hormones  (i.e.  isoproterenol  and  PGE, ) .  We  hope  to 
study  cAMP,  cGMP  metabolism  and  honuonal  responsiveness  in  synchronized 
cultured  human  cells. 

Publications:  Manganiello,  V.C.,  Breslow,  J.  and  Vaughan,  M.:  Effects  of 
prostaglandin  Ej^  and  isoproterenol  on  cyclic  AMP  content  of 
human  fibroblasts  modified  by  time  and  cell  density  in  sub- 
culture.  Biochim.  Biophys.  Acta,  in  press. 
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Project  Title:  Effects  of  Hormones  on  Metabolism  of  Adipose 

Tissue  Studied  in  vitro 

Previous  Serial  No.:      NHLI-280 

Principal  Investigators:  Vincent  Manganiello,  M.D.,  Ph.D. 
Martha  Vaughan,  M.D. 

Other  Investigators:      Sally  Stanley,  B.S. 

Project  Description: 

Objectives:   To  study  the  regulation  of  cyclic  AMP  formation  and 
degradation  in  fat  cells. 

Methods;   Llpolysls  measured  by  enzymatic  determination  of  glycerol; 
cyclic  AMP  by  the  method  of  Oilman  (Proc,  Nat.  Acad.  Sci.  67:  305,  1970); 
phosphodiesterase  by  our  published  method  (Proc.  Nat.  Acad.  Sci.  69:  269, 
1972);  adenylate  cyclase  by  a  modification  of  previously  published  methods 
(Blochem.  8:  3092,  1969;  Science  159:  545,  1968). 

Major  Findings: 

(1)  Adenylate  cyclase  activity  in  the  100,000  x  g  sediment  of  fat 
cell  homogerates  can  be  Increased  by  prior  incubation  of  fat  cells  with 
cholera  toxin  for  90-120  mln.   A  maximally  effective  concentration  of 
Isoproterenol  (0.1  mM)  produced  about  the  same  increment  in  adenylate 
cyclase  activity  in  preparations  from  both  control  and  toxin-treated  cells. 
This  suggests  that  increase  in  adenylate  cyclase  activity  produced  by 
Incubation  with  cholera  toxin  is  not  "coupled  to"  an  Increase  in  hormone 
sensitive  adenylate  cyclase  activity;  i.e.,  choleragen  activation  represents 
an  example  of  Independent  regulation  of  hormone  responsive  and  hormone  non- 
responsive  adenylate  cyclase  activity  in  fat  cells. 

(2)  When  present  In  the  assay,  a  maximally  effective  concentration 
of  Isoproterenol  stimulates  the  formation  of  cAMP  in  the  100,000  x  g 
sediment  of  fat  cell  homogenates  to  a  greater  extent  than  does  NaF .   When 
present  together,  however,  the  effects  of  NaF  and  isoproterenol  are  not 
additive  and  do  not  exceed  the  stimulation  produced  by  NaF  alone.   When 
present  during  the  adenylate  cyclase  assay  NaF  also  reduces  the  formation 
of  cAMP  by  particulate  preparations  activated  by  prior  incubation  of  cells 
with  cholera  toxin  to  levels  achieved  by  NaF  in  preparations  from  control 
cells. 
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When  the  assay  is  carried  out  in  the  presence  of  ca  1.5  tnM  Na 
pyrophosphate,  the  stimulatory  effect  of  NaF  is  completely  abolished. 
In  the  presence  of  pyrophosphate,  however,  NaF  still  inhibited  the 
response  to  isoproterenol  as  well  as  the  toxin  activated  cyclase.  Thus 
in  the  presence  of  ca  1.5  mM  Na  pyrophosphate  (and  also,  to  some  extent, 
with  3.3  mM  EDTA)  the  stimulatory  effects  of  NaF  can  be  dissociated  from 
inhibitory  effects. 

Increasing  concentrations  of  MnCl2  (0.5-3.0  mM)  in  the  assay 
increases  both  "basal"  activity  as  well  as  the  response  to  NaF  in  prepara- 
tions from  control  cells.  MnCl2  exerts  little  or  no  effect  on  the  elevated 
"basal"  activity  in  preparations  from  cells  exposed  to  cholera  toxin, 
but  produces  about  the  same  increment  in  NaF  induced  activity  in  the 
preparations  from  control  and  toxin  treated  cells. 

The  activity  of  adenylate  cyclase  in  particulate  preparations 
can  be  increased  by  incubation  of  the  particulate  fraction  with  NaF  for  5-20 
min  at  30°,  followed  by  an  approximate  30  fold  dilution  and  assay  in  the 
standard  assay  system  for  10  min.   The  extent  of  activation  is  dependent 
on  the  concentration  of  NaF  present  during  the  preincubation  as  well  as 
the  length  of  the  preincubation  period.  There  is  an  initial  rapid 
increase  in  cyclase  activity  which  occurs  during  the  first  few  minutes 
of  preincubation  with  NaF  and  which  is  directly  related  to  the  concentra- 
tion of  NaF.   This  is  followed  by  a  smaller  slower  increase  in  activity 
which  takes  place  over  the  following  15-20  min  of  preincubation  and  which 
is  not  dependent  on  NaF  concentration. 

When  present  during  the  assay,  NaF  reduces  the  formation  of 
cAMP  by  the  particulate  fractions  "activated"  by  prior  incubation  with 
NaF.   The  difference  in  activity  between  the  "activated"  enzyme  assayed 
after  dilution  of  the  NaF  and  in  the  presence  of  NaF  represents  a 
reversible  portion  of  NaF  inhibition.   When  assayed  in  the  presence  of 
3.0  mM  MnClj,  the  formation  of  cAM  P  by  "activated"  fractions  is  further 
enhanced.   In  the  presence  of  MnCl2,  NaF  no  longer  inhibits  the  "activated" 
preparation;  i.e.,  MnCl2  abolishes  the  reversible  fraction  of  NaF  inhibition. 

■  I.     When  present  during  the  preincubation,  pyrophosphate  inhibits  NaF 
induced  activation.   When  present  during  the  assay,  pyrophosphate  did  not 
prevent  the  inhibition  of  the  "activated"  preparation  by  NaF;  i.e., 
pyrophosphate  did  not  abolish  the  reversible  portion  of  NaF  induced 

inhibition. 

Such  data  Indicate  that  NaF  exerts  both  stimulatory  and 
inhibitory  effects  on  fat  cell  adenylate  cyclase  activity  and  that  NaF 
can  inhibit  stimulatory  signals  generated  by  hormone  receptor  interaction, 
choleragen  activation,  as  well  as  the  stimulatory  signals  produced  by 
NaF  itself.   These  results  further  indicate  that  the  processes  hwereby 
hormones,  cholera  toxin  and  fluoride  activate  adenylate  cyclase  are  not 
totally  independent .   It  is  clear  from  these  data  that  activation  of 
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adenylate  cyclase  by  NaF  (which  must  represent  a  summation  or  combination 
of  stimulatory  and  Inhibitory  effects  on  adenylate  cyclase  activity)  in 
no  way  can  be  taken  to  represent  "total"  activity  or  "maximal"  activation 
of  the  enzyme. 


Significance  to  Heart  and  Lung  Research:   Studies  on  the  control 
of  cyclic  AMP  metabolism  in  general  may  have  importance  and  relevance  to 
the  action  of  hormones  on  the  cardiovascular  system. 

Proposed  Course-:   The  study  of  control  of  cyclic  AMP  levels  in  fat 
cells  will  be  continued  with  particular  emphasis  on  the  regulation  of 
adenylate  cyclase  by  cholera  toxin,  NaF,  and  hormones,  and  the  regulation 
of  phosphodiesterase  by  hormones. 

Publications:  None 
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Project  Title:  Investigation  of  the  Control  of  Cyclic  AMP 

Phosphodiesterase  Activity  in  Fat  Cells. 

Previous  Serial  No.:      NHLI-281 

Principal  Investigators:   C.  J.  Lovell-Smith,  Ph.D.,  M.D. 
Martha  Vaughan,  M.D. 
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Project  description: 

Objectives:   The  investigation  and  elucidation  of  the  properties  and 
the  control  mechanisms  regulating  the  cyclic  AMP  system  in  rat  fat  cells, 
by  studying  the  two  major  enzyme  systems  involved  (phosphodiesterase  and 
adenylate  cyclase) . 

Methods: 

(I)  Isolated  fat  cells  were  prepared  from  the  epididymal  fat  pads 

of  Osborne-Mendel  or  Sprague-Dawley  rats  (Rodbell,  J.  Biol.  Chem.  239:  375, 
1964). 

(II)  Phosphodiesterase  activity  of  a  particulate  preparation 
(100,000  g  pellet)  was  assayed  by  a  standard  technique  (Pawlson  et  al., 
Proc.  Nat.  Acad.  Sci.  USA,  1974,  in  press). 

(ill)  The  cyclic  AMP  accumulation  in  Isolated  fat  cells  was 
measured,  after  separation  and  purification,  by  the  protein  binding  method 
of  Oilman  (Proc.  Nat.  Acad.  Sci.  USA  67:  305,  1970). 

(iv)  Adenylate  cyclase  activity  in  the  100,000  g  fraction  was 
assayed  by  a  technique  in  which  the  rate  of  conversion  of  [^H]AIP  to 
[^H] cyclic  AMP  was  assessed. 

Major  Findings: 

(1)  Previous  experiments  had  established  that  incubation  of  fat 
cells  with  lipolytic  hormones  lead  to  an  increase  in  the  activity  of 
phosphodiesterase  in  the  100,000  g  pellet.   Insulin,  an  antilipolytic 
hormone,  had  a  similar  effect,  which  was  additive  to  that  of  the  lipolytic 
hormones.   A  possible  explanation  for  these  results  was  that  the  increase 
in  cyclic  AMP  accumulation  seen  when  cells  are  Incubated  with  lipolytic 
hormones  might  be  related  to  the  activation  of  phosphodiesterase.   Experi- 
ments were  performed  in  which  cyclic  AMP  an<f  the  activity  of  phospho- 
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dlesterase  were  measured.   As  expected,  there  was  a  rapid  increase  in  the 
accumulation  of  cyclic  AMP  in  the  presence  of  a  lipolytic  hormone 
(isoprenaline,  theophylline  or  ACTH) ,  and  the  rise  in  the  activity  of 
phosphodiesterase  followed  a  similar  time  course.   Insulin,  however,  did 
not  elevate  the  level  of  cyclic  AMP,  but  could  still  increase  the  activity 
of  phosphodiesterase. 

(ii)  The  stimulation  of  phosphodiesterase  by  lipolytic  hormones 
was  further  studied  in  kinetic  experiments.   The  rate  of  hydrolysis  of 
cyclic  AMP  was  measured  after  hormonal  stimulation  of  the  fat  cells. 
A  wide  range  of  substrate  concentrations  was  used.   It  was  found  that  the 
100,000  g  pellet  contained  predominantly  high-affinity  enzyme,  and  that 
the  hormonal  treatment  altered  both  the  K^  and  the  V^^^  of  the  enzyme. 
The  change  in  ¥^   was  relatively  small,  whilst  the  increase  in  the  V^^^  was 
large,  and  probably  accounts  for  the  increase  in  overall  activity. 

(iii)   Because  of  the  possible  relationship  between  cyclic  AMP  and 
the  stimulation  of  the  phosphodiesterase,  attempts  were  made  to  measure 
the  amount  of  cyclic  AMP  bound  to  the  100,000  g  pellet.  Due  to  the 
considerable  amount  of  adenylate  cyclase  and  phosphodiesterase  activity 
in  these  preparations,  however,  the  cyclic  AMP  content  of  the  pellet  was 
variable,  and  unrelated  to  the  pretreatment  of  the  fat  cells.   Conditions 
associated  with  a  high  level  of  cyclic  AMP  in  the  pellet  were  not  necessarily 
related  to  increased  phosphodiesterase  activity. 

(iv)  As  well  as  the  lipolytic  (ACTH,  isoproterenol,  theophylline) 
ar.d  anti-lipolytic  (insulin)  hormones,  substances  having  a  'permissive' 
effect  upon  lipolysis  are  known;  thyroid  hormones  and  corticosteroids  are 
the  classical  examples.   Work  has  begun  upon  experiments  designed  to 
assess  the  role  of  phosphodiesterase  and  adenylate  cyclase  in  the  response 
to  the  thyroid  hormone,  tri-iodothyronine  (T3) .   Preincubation  of  normal 
fat  cells  with  T3  leads  to  an  increase  in  the  rate  of  lipolysis  in  response 
to  isoproterenol,  and  this  is  in  turn  associated  with  a  clear  increase  in 
the  accumulation  of  cyclic  AMP.   Initial  studies  suggest  that  T3  added 
to  fat  cells  in  vitro  acts,  in  many  respects,  like  the  phosphodiesterase 
inhibitor  theophylline,  although  it  was  not  possible  to  show  a  direct 
effect  on  phosphodiesterase  at  low  concentrations  of  T3.   In  cells  from 
thyroidectomized  rats,  the  effects  of  T3  are  different;  as  well  as 
augmenting  the  response  to  isoproterenol,  T3  alone  can  stimulate  increases 
in  cyclic  AMP,  and  in  phosphodiesterase  activity.   In  addition,  the  activity 
of  adenylate  cyclase  from  thyroidectomized  rats  is  altered;  in  particular, 
the  response  to  isoproterenol  is  diminished  with  respect  to  that  to  sodium 
fluoride. 
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Significance  to  Heart  and  Lung  Research:   The  finding  that  phospho- 
diesterase activity  may  be  influenced  by  a  variety  of  hormones  implies 
that  the  regulation  of  cyclic  AMP  metabolism  in  the  fat  cell  is  subject 
to  a  more  complex  control  system  than  was  previously  known.   Further  study 
of  the  mechanisms  involved  may  provide  data  that  are  applicable  to  many 
tissues.   The  findings  with  T3  suggest  that  the  mechanism  of  action  of 
the  thyroid  hormones  may  be  related,  in  part,  to  the  cyclic  AMP  system. 
At  present  the  mode  of  action  of  the  thyroid  hormones  is  virtually 
unknown . 

Proposed  Course; 

(i)  To  further  study  the  effect  of  T3  on  adipose  tissue  from  normal 
and  thyroidectomized  rats;  both  the  acute  and  chronic  effects  will  be 
studied . 

(11)   To  investigate  the  possible  relationships  between  the  adenylate 
cyclase  and  the  phosphodiesterase  of  the  100,000  g  particulate  preparation, 
in  an  attempt  to  evaluate  the  role  of  cyclic  AMP  in  controlling  the 
phosphodiesterase . 

(iii)  To  attempt  the  purification  of  both  adenylate  cyclase  and 
phosphodiesterase  in  the  preparation  to  allow  further  study  of  control 
mechanisms . 


Publications: 

Pawlson,  L.  G.,  Lovell-Smith,  C.  J.,  Manganiello,  V.  C.  and 
Vaughan,  M.   Effects  of  epinephrine,  adrenocorticotrophic  hormone  and 
theophylline  on  adenosine  3' ,5 '-monophosphate  phosphodiesterase  activity 
in  fat  cells.   Proc.  Nat.  Acad.  Sci.  USA,  197 A,  in  press. 
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Project  Description: 

Objectives; 

(1)  To  purify  the  fat  cell  hormone-sensitive  lipase  and  the  enzymes 
that  regulate  its  activity. 

(2)  To  elucidate  the  mechanisms  of  lipase  activation  and  inactiva- 
tion. 

Methods:   Assay  of  lipase  activity  using  ^H-glyceryl  trioleate 
as  substrate,  precipitation  of  the  unhydrolyzed  substrate  with  5% 
trichloroacetic  acid  and  radioassay  of  H-glycerol  in  the  supernatant 
fluid.   Fractionation  and  purification  of  hormone-sensitive  lipase 
using  ammonium  sulfate  precipitation,  gel  chromatography  and  hydroxyl 
apatite  adsorption. 

Major  Findings; 

1.   Purification  of  hormone-sensitive  lipase  of  low  molecular 
weight  in  the  presence  of  1  M  NaCl. 

Ammonium  sulfate  precipitated  lipase  prepared  from  adipose 
tissue  of  fasted  rats  was  dissolved  in  buffer  solution  containing  1  M  NaCl, 
0.25  M  sucrose,  20  mM  Tris,  2  mM  DTT  and  2  mM  EDTA  at  pH  7. A.   The  solution 
was  kept  at  4°C  for  2-hr  period  then  applied  to  a  column  of  Biogel  A  1.5 
(0.9  X  90  cm)  or  A  0.5  (0.9  x  90  cm)  which  had  been  washed  with  the  same 
buffer  (5  times  total  column  volume) .   Two  peaks  of  lipase  activity  were 
eluted.   The  first  one  with  30%  of  the  activity  was  eluted  along  with 
35-40%  protein  (PI)  in  the  void  volume  (molecular  weight  was  ?>1  million). 
The  second  lipase  peak  (PII)  appeared  after  second  main  protein  peak  and 
contained  50-60%  of  the  activity  with  5  fold  purification;  the  molecular 
weight  was  80,000  to  90,000  by  comparison  with  standard  proteins.  When 
the  crude  lipase  was  dissolved  in  the  same  buffer  without  1  M  NaCl  and 
was  applied  to  the  column  with  the  same  buffer  without  1  M  NaCl,  90%  of 
lipase  activity  emerged  in  the  exclusion  volume. 
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Acetone  powder  prepared  from  ammonium  sulfate  precipitated  lipase 
was  dissolved  In  the  buffer  with  1  M  NaCl.  After  centrlfugation,  the 
clear  solution  was  applied  to  a  column  of  Blogel  A  0.5.  Less  than  10% 
of  activity  appeared  with  PI  protein  In  the  void  volume,  70-75%  was  eluted 
In  a  broad  second  peak.  When  bovine  serum  albumin  was  added  to  the  lipase 
before  chromatography,  a  sharp  symmetrical  lipase  peak  with  80%  activity 
often  was  eluted  just  ahead  of  and  overlapping  the  albumin  peak.  Active 
fractions  were  pooled  and  applied  to  G-200  or  A  0.5  column.  The  lipase 
was  completely  eluted  in  a  symmetrical  peak  that  overlapped  the  albumin 
peak.   If  this  lipase  was  eluted  from  a  column  without  1  M  NaCl,  a 
tremendous  loss  in  lipase  activity  and  two  big  aggregates,  one  excluded 
with  the  Void  volume,  the  other  much  ahead  of  albumin,  were  obtained. 

2.  Adsorption  with  hydroxyl  apatite: 

Ammonium  sulfate  precipitated  lipase  in  10  mM  phosphate  buffer, 
0.25  M  sucrose,  2  mM  DTT  pH  7.4  was  added  to  the  washed  hydroxyl  apatite. 
On  extraction  with  Increasing  concentrations  of  phosphate  buffer,  the 
lipase  eluted  with  300  to  500  mM  phosphate  with  2  to  3  fold  purification. 
Through  the  hydroxyl  apatite  absorption  and  gel  filtration,  the  total 
purification  of  lipase  was  35  to  40  fold.  This  lipase  could  be  further 
purified  on  gel  columns  but  was  very  unstable.  We,  therefore,  continued 
to  evaluate  alternative  procedures.   In  current  studies,  it  appears  that 
after  extensive  purification  using  a  substrate  affinity  step  the  lipase 
can  be  Isolated  on  gel  columns  in  a  form  of  relatively  lo»7  molecular 
weight . 

3.  Activation  and  inactivation  of  lipase: 

As  we  have  previously  reported  the  ammonium  sulfate  precipitated 
lipase  is  inactivated  by  incubation  with  ATP,  MgCl2  and  ascorbic  acid. 
It  is  activated  by  incubation  with  ATP,  MgCl2  and  cyclic  AMP.  After 
treatment  with  1  M  NaCl  and  elution  from  gel  columns  as  described  above 
(omitting  EDTA)  lipase  in  both  peaks  was  still  susceptible  of  inactivation 
with  ATP,  MgCl2  and  ascorbate  but  was  not  activatable  with  ATP,  MgCl2  and 
cyclic  AMP.   In  the  presence  of  these  3  cof actors  the  addition  of  a 
partially  purified  cyclic  AMP  dependent  protein  kinase  from  rabbit  muscle 
stabilized  lipase  activity  to  incubation  at  30°  but  did  not  lead  to 
activation. 

Significance  to  Heart  and  Lung  Research:  Availability  of  plasma  FFA, 
an  important  energy  substrate  for  heart,  is  regulated  via  the  hormone 
sensitive  lipase  activity  of  adipose  tissue.   Purification  of  the  lipase 
and  the  inactivating  enzyme  are  essential  before  the  mechanisms  through 
which  its  activity  is  regulated  can  be  elucidated. 

Proposed  Course;  We  plan  to  isolate  and  purify  the  lipase  and  the 
inactivating  enzyme  in  order  to  study  the  mechanisms  of  lipase  activation 
and  inactivation. 
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Project  Description: 

Objectives:  1)  To  investigate  the  suggestion  made  by  other  workers 
that  cyclic  GMP  may  be  involved  in  phagocytosis  and  the  associated  release 
of  lysosomal  enzymes.   2)  To  investigate  the  effects  of  hormones  and  humoral 
agents  on  cyclic  GMP  content  of  leukocytes. 

Methods :   1.  Preparation  of  cells 

a.  mixed  human  white  cells:  dextran  sedimentation  of  huffy  coat 
followed  by  hypotonic  lysis  of  erythrocytes 

b.  human  mononuclear  cells  by  Ficoll-Hypaque  gradient 

c.  guinea  pig  polymorphonuclear  leukocytes:  sodium  caseinate- 
induced  peritoneal  exudate 

2.  After  incubation  as  indicated  for  specific  studies,  cyclic  GMP  puri- 
fied and  quantified  by  radioimmunoassay  as  described  in  publications  from 
this  laboratory. 

Major  Findings:  1)  It  was  found  several  years  ago  in  this  laboratory 
that,  while  the  addition  of  polystyrene  beads  to  mixed  leukocytes  from  human 
peripheral  blood  causes  accumulation  of  cyclic  AMP,  the  effect  is  not  a  con- 
comitant of  phagocytosis  and  in  fact  occurs  in  mononuclear  cells  rather  than 
the  polymorphonuclear  leukocytes.  These  observations  were  confirmed,  but  no 
effects  of  polystyrene  beads  on  the  cyclic  GMP  content  of  mixed  leukocytes 
or  purified  preparations  of  mononuclear  cells  were  demonstrated. 

2)   Serotonin  alone  of  several  agents  tested  consistently  produced  a 
small  increase  in  cyclic  GMP  in  mixed  leukocytes  from  human  peripheral  blood. 
(It  had  no  effect  on  guinea  pig  polymorphonuclear  leukocytes.)  After  sepa- 
ration of  cells,  it  was  found  that  the  polymorphonuclear  leukocytes  were 
unaffected  by  serotonin  while  the  mononuclear  preparations  (ca.  60%  lympho- 
cytes and  25%  monocytes)  responded  with  a  tenfold  elevation  of  cyclic  GMP 

1  /43 


Serial  No.  NHLI-35 


and  no  change  in  cyclic  AMP.  The  cyclic  GMP  concentration  was  markedly  in- 
creased 2  min  after  the  addition  of  serotonin  and  remained  at  a  maximvim 
between  5  and  30  min.  Methysergide,  an  antagonist  of  serotonin  in  some  tis- 
sues, itself  caused  accumulation  of  cyclic  GMP  and  did  not  inhibit  the  effect 
of  serotonin.  Melatonin  but  not  histamine,  bradykinin,  or  acetylcholine 
similarly  raised  cyclic  GMP  concentration  in  the  mononuclear  cells. 

Significance  to  Heart  and  Lung  Research:  Phagocytosis  is  a  fundamental 
cellular  function  relevant  to  host  defense  and  the  pathogenesis  of  inflamma- 
tory and  degenerative  processes  in  all  tissues  including  heart,  lung  and 
blood  vessels.   Information  concerning  cyclic  GMP,  the  factors  that  control 
its  metabolism  and  the  role  that  it  plays  in  cell  physiology  Is  at  present 
fragmentary.  Available  data  suggest,  however,  that  it  may  be  of  especial 
importance  in  the  latter  tissues. 

Proposed  Course:  After  completion  of  a  few  more  studies  with  agents 
reputed  to  influence  leukocyte  migration  and  chemotaxls,  this  exploratory 
project  will  be  terminated. 

Honors  and  Awards:         None 

Publications:  Stoner,  J.,  Manganiello,  V.C.  and  Vaughan,  M.: 

Guanosine  cyclic  3' ,5 '-monophosphate  and  guanyl- 
ate  cyclase  activity  in  guinea  pig  lung:  Stud- 
ies of  acetylcholine  and  chollnesterase  inhib- 
itors. Mol.  Pharmacol.  10:  155-161,  1974. 
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Project  Description: 

Objectives:  To  determine  effects  of  several  neurotransmitters  and  hor- 
mones known  to  cause  contraction  of  htiman  umbilical  artery  on  guanosine  3 ' , 
5 ' -monophosphate  (cyclic  GMP)  concentration  in  this  tissue  and  in  cultured 
mammalian  smooth  muscle  cells. 

Methods :   1)  Umbilical  cords  were  obtained  within  10  minutes  of  birth 
and  placed  in  Hank's  buffer  (37°)  for  transport.  Only  term  gestational  preg- 
nancies (without  diabetes,  toxemia,  C-section)  were  used.   Gestational  age 
was  determined  by  R.C.  on  all  infants.  Umbilical  arteries  were  dissected 
from  cords,  opened  longitudinally  and  cut  into  3  mm  segments,  were  incubated 
at  370C  in  room  air  in  Krebs-Ringer  Tris,  pH  7.4  (4  ml)  for  2  hr.  Agonists 
were  added  and  reaction  terminated  by  addition  of  HCIO4  and  Bolytron  homoge- 
nization.  Protein  was  separated  and  measured  and  samples  purified  for  cyclic 
GMP  as  described  by  Stoner  et  al.   Cyclic  GMP  was  measured  by  immunoassay 
of  Steiner  et^  al. 

2)  Samples  were  taken  after  protein  precipitation  and  assayed  for  cy- 
clic AMP  by  the  Gilman  assay  after  purification  over  Dowex-50  and  Dowex-1 
columns . 

Major  Findings;   1)  The  cyclic  GMP  content  of  artery  fragments  incu- 
bated in  basal  medium  was  about  1  pmole/mg  protein.   The  addition  of  brady- 
kinin,  1  yg/ml,  caused  rapid  accumulation  of  cyclic  GMP  which  rose  300  to 
400%  in  30  sec,  reached  a  peak  (ca.  10  times  basal)  in  2  min  and  declined 
thereafter.  A  similar  increase  in  cyclic  GMP  was  produced  by  exposure  of 
the  tissue  to  1  yM  histamine  for  2  min.  Effects  of  acetylcholine  and  sero- 
tonin were  also  rapid  but  were  somewhat  smaller  than  those  of  the  other 
agents.  All  of  these  agonists  are  known  to  cause  contraction  of  the  umbil- 
ical artery,  and  the  concentrations  required  are  of  the  same  magnitude  as 
those  used  in  our  experiments. 
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Atropine  prevented  the  effects  of  acetylcholine  and  pyrlllmlne  (a  so- 
called  H,  blocker)  prevented  those  of  histamine.  Neither  of  these  compounds 
interfered  with  the  action  of  any  other  of  the  agonists.  Burlmamide,  an  H2 
blocker,  itself  caused  accunmlation  of  cyclic  GMP  and  was,  therefore,  not 
tested  as  an  antagonist.  The  effects  of  bradykinin  and  histamine  on  cyclic 
GMP  accumulation  were  markedly  diminished  when  calcium  was  omitted  from  the. 
Incubation  medium.  No  effects  of  norepinephrine,  isoproterenol,  FGE-. ,  FGA^, 
or  PGF2  on  cyclic  GMP  were  observed. 

2)  The  cyclic  AMP  content  of  artery  fragments  was  less  than  1  pmole/mg 
protein.  It  was  not  demonstrably  altered  by  bradykinin,  histamine,  sero- 
tonin, acetylcholine,  isoproterenol,  or  prostaglandins. 

3)  In  preliminary  experiments  it  was  found  that  the  cyclic  GMP  content 
of  the  artery  is  altered  by  changes  in  oxygen  tension 

Significance  to  Heart  and  Lung  Research:  Elucidation  of  the  mechanisms 
by  which  neurohumoral  agents  and  other  stimuli  influence  the  contractility 
of  arterial  smooth  muscle  should  aid  in  understanding  the  physiological  con- 
trol of  perfusion  in  localized  vascular  beds  and  the  pathogenesis  of  certain 
circulatory  disorders. 

Proposed  Course:  The  effects  of  oxygen  on  cyclic  GMP  in  umbilical 
artery  will  be  further  investigated  in  the  expectation  that  the  findings  may 
yield  information  concerning  the  biochemical  basis  for  the  circulatory 
changes  that  occur  in  the  neonatal  period.   Studies  of  cyclic  GMP  metabolism 
in  cultured  smooth  muscle  cells,  already  begun,  will  be  expanded. 

Honors  and  Awards:        None 

Publications:  Stoner,  J.,  Manganiello,  V.C.  and  Vaughan,  M. : 

Effects  of  bradykinin  and  indomethacin  on  cyclic 
GMP  and  cyclic  AMP  in  lung  slices.   Proc.  Nat. 
Acad.  Scl.  USA  70:  3830-3833,  1973. 
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DRUG  METABOLISM  AS  A  CAUSE  OF  DRUG  TOXICITY 


Various  organic  compounds  are  transformed  in  the  "body  to  potent  alkylating 
or  arylating  metabolites  that  comhine  covalently  with  diverse  tissue  compo- 
nents, including  proteins,  lipids  and  nucleic  acid.   During  the  past  few 
years  this  laboratory  has  been  evaluating  the  hypothesis  that  the  reactive 
metabolites  of  these  organic  compovinds  may  cause  various  kinds  of  toxicities, 
such  as  tissue  lesions,  blood  dyscrasiaa,  hypersensitivity  reactions  and  feto- 
toxicities  as  well  as  carcinogenesis  and  mutagenesis.  To  evaluate  this  hy- 
pothesis the  laboratory  searches  for  compounds  that  cause  tissue  lesions  and 
determines  whether  radiolabeled  toxicants  are  covalently  bound  to  macromole- 
cules  in  target  tissues ,  It  then  studies  whether  various  treatments  that 
alter  the  activity  of  the  enzymes  that  catalyze  the  metabolism  of  the  toxicant 
cause  parallel  changes  in  the  amount  of  covalently  bound  metabolite  in  the 
tissues  and  the  incidence  and  severity  of  the  tissue  lesion.   Concurrent 
studies  in  vitro  aid  in  identifying  the  reactive  metabolite  and  the  enzyme 
systems  that  catalyze  its  formation  and  inactivation.  With  this  approach 
the  laboratory  has  discovered  that  high  doses  of  several  drugs  and  other 
foreign  compounds  cause  centrilobular  hepatic  necrosis  through  the  formation 
of  reactive  metabolites.  We  are  thus  gaining  a  better  understanding  of  the 
mechanisms  by  which  organic  compounds  cause  tissue  lesions  and  of  the  effects 
of  various  treatments  and  different  dosage  schedules  on  drug-induced  toxicities. 

Furosemide:   Large  doses  of  this  diuretic  causes  liver  necrosis  in  mice.  At 
threshold  toxic  doses  (200  mg/kg) ,  the  necrosis  is  midzonal  but  with  higher 
doses  the  necrosis  extends  into  the  centrilobular  region.  The  necrosis  is 
caused  by  a  reactive  metabolite  but  there  is  a  dose  threshold  for  the  covalent 
binding  of  the  radiolabeled  drug  to  mouse  liver  proteins.  With  a  nontoxic 
dose  of  the  drug  (l50  mg/kg),  little  covalent  binding  of  the  radiolabeled  drug 
was  found  ,  but  with  toxic  doses  (200-1+00  mg/kg)  considerable  covalent  binding 
occurred.   The  dose-threshold  is  due  to  a  change  in  the  disposition  of  the 
drug  as  the  dosage  is  changed.   At  low,  nontoxic  doses  most  of  the  drug  is 
excreted  unchanged  into  urine  even  though  the  drug  is  highly  bound  to  plasma 
proteins.  At  toxic  doses,  however,  the  binding  sites  of  the  plasma  proteins 
become  saturated  and  a  greater  proportion  of  the  drug  is  metabolized  before 
it  is  excreted.  As  a  result,  a  greater  proportion  of  the  dose  is  converted 
to  the  reactive  metabolite.   Studies  with  doubly  labeled  furosemide  revealed 
that  the  drug  is  covalently  boiind  to  hepatic  proteins  through  its  furan  moiety. 
The  possibility  that  the  reactive  metabolite  is  a  furan  epoxide  is  being  in- 
vestigated. 

Other  Furans:   The  finding  that  furosemide  was  covalently  bound  to  liver 
protein  through  its  furan  group  prompted  a  search  for  toxicity  by  thiophene 
and  a  series  of  furan  derivatives.   In  mice,  midzonal  hepatic  necrosis  was 
found  after  the  administration  of  100  mg/kg  of  fioran,  2-acetylf uran ,  2-ethyl 
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furoate,  2-furfural,  2,3-benzofuran,  2,3,^,5-di'benzofuran,  2-furainide  or 
thiophene.  Moreover,  kidney  damage  occurred  after  the  administration  of 
2-fuoric  acid,  furan  or  2,3-'benzofuran,  whereas  varying  degrees  of  lung 
damage  occurred  after  furan,  2-methylfuran ,  2- fur amide  or  thiophene.  Thus, 
tissue  damage  may  occur  with  a  wide  variety  of  compoTonds  containing  a  furan 
moiety. 

The  relative  severity  of  damage  in  different  tissues  depends  not  only  on  the 
furan  derivative  but  also  on  the  animal  species ,  and  can  he  changed  hy  pre- 
treating  the  animals  with  inducers  and  inhibitors  of  cytochrome  P-U50  enzymes. 
For  example ,  furosemide  causes  renal  damage  rather  than  hepatic  necrosis  in 
unpretreated  rats.  But  in  rats  pretreated  with  3-methylcholanthrene  (3-MC), 
which  induces  the  formation  of  a  variant  of  cytochrome  P-I+50  called  cytochrome 
P-Ul+8,  furosemide  causes  hepatic  necrosis  rather  than  renal  damage.  Moreover, 
piperonyl  butoxide  (Pip.B),  which  inhibits  cytochrome  P-U50  enzymes,  prevents 
the  renal  damage  without  affecting  the  liver  necrosis  caused  by  furan  in  mice. 

Hitrof urazone :  Unlike  the  furan  derivatives,  nitrofurans  are  not  metabolized 
by  a  cytochrome  P-U50  enzyme  but  are  reduced  by  several  different  enzymes , 
including  NADPH-cytochrome  c_  reductase  in  liver  microsomes,  and  xanthine 
oxidase  and  aldehyde  oxidase  in  liver  soluble  fraction.  For  example,  nitro- 
furazone,  a  drug  that  is  used  as  a  topical  antibacterial  agent  but  causes 
mammary  tumors  in  rats,  is  converted  to  a  reactive  metabolite  by  both  NADPH 
cytochrome  c_  reductase  and  xanthine  oxidase.  Even  though  nitrofurazone  can 
be  covialently  bound  in  vivo  to  liver  protein  ( 0.8-1.0  nmol/mg)  to  about  the 
same  extent  as  furosemide ,  it  does  not  cause  liver  necrosis  in  either  mice  or 
rats  even  after  it  is  administered  for  eight  days.  Instead,  at  doses  as  low 
as  30-50  mg/kg  given  for  6  days ,  it  causes  testicular  giant  cell  formation 
and  aspermatogenesis  in  rats.  Moreover,  repeated  administration  of  nitro- 
furazone (150  mg/kg  for  6  days  in  rats  and  300  mg/kg  for  3  days  in  mice)  ' 
causes  a  30-60^  decrease  in  testicular  cytochrome  P-U50,  which  is  required  for 
the  synthesis  of  testosterone. 

Attempts  to  determine  whether  the  reactive  metabolite  of  nitrofurazone  causes 
the  testicular  damage  have  been  unsuccessful.  Because  the  reactive  metabo- 
lite can  be  formed  by  several  enzymes  -  changes  in.  the  activj-ty  of  any  one 
of  them. does  not  alter^-aithe¥Ath.©--tes±ieular  ;dsfflage?.bi'.'the  e®val*Bt  binding 
of  the  drug  to  the  macromolecules  in  either  liver  or  testis.  Nevertheless, 
it  seems  likely  that  the  decrease  in  testicular  cytochrome  P-lj-50  may  be  me- 
diated by  a  reactive  metabolite  because  testicular  cytochrome  P-U50  is  de- 
creased when  testicular  microsomes  were  incubated  anaerobically  iJ'ith  nitro- 
furazone in  the  presence  of  NADPH. 

Isoniazid  (INH)  and  Related  Drugs 

Clinical  Studies :   Although  isoniazid  is  currently  being  used  prophylactically 
to  prevent  tuberculosis,  about  30^  of  the  patients  receiving  the  drug  have 
abnormal  SGOT  levels  at  sometime  during  the  course  of  treatment.  Moreover,  it 
is  also  estimated  that  about  1%   of  the  patients  manifest  hepatitis-like  syn- 
drome. A  study  of  the  case  reports  of  22it  patients  having  INH-related  hep- 
atitis provided  clues  to  the  possible  mechanisms  by  which  the  drug  might 
evoke  its  toxicity,   l)  About  UO^  of  the  cases  were  residents  of  Honolulu  and 
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presTjmably  of  Oriental  descent.  It,  therefore,  seemed  possible  that  the 
hepatitis  occurs  more  frequently  in  patients  that  acetylate  the  drug  rapidly 
"becatise  it  is  known  that  Orientals  are  predominantly  fast  acetylators  of  the 
drug  (about  905?) .  In  accord  with  this  view,  we  foTond  that  19  of  21  patients 
manifesting  INH-related  hepatitis  in  Baltimore  were  fast  acetylators,  whereas 
the  expected  proportion  of  fast  acetylators  in  the  white  and  black  population 
in  the  United  States  is  about  30-lt5/?.   2)  The  changes  in  hepatic  morphology 
and  in  the  plasma  levels  of  GOT,  bilirubin  and  alkaline  phosphatase  caused  by 
INH  were  indistinguishable  from  the  changes  found  after  iproniazld-lnduced 
liver  damage  or  viral  hepatitis.  Thus,  INH  and  iproniazid  may  cause  liver 
damage  through  similar  mechanisms.   3)  There  was  no  clinical  evidence  that 
INH-related  hepatitis  was  mediated  by  immunological  mechanisms. 

Animal  Studies:   In  unpretreated  rats  and  mice,  high  doses  of  acetyl-INH 
(1.5  g/kg)  and  iproniazid  (.5  g/kg)  cause  scattered,  single  cell  necrosis. 
But  in  phenobarbital  pretreated  rats  and  mice,  both  acetyl-INH  and  Iproniazid 
cause  severe  hepatic  necrosis  at  doses  as  low  as  100  mg/kg.  Since  the  ne- 
crosis was  prevented  not  only  by  prior  administration  of  CoCl2»  aminotriazole 
and  Plp.B  (which  decrease  the  activities  of  cytochrome  P-U50  enzymes)  but  also 
by  bis-p-nltrophenyl  phosphate  (which  inhibits  the  hydrolysis  of  acetyl-INH 
and  iproniazid) ,  it  seems  likely  that  acetyl-INH  and  iproniazid  must  imdergo 
hydrolysis  to  form  acetyl  hydrazine  and  Isopropyl  hydrazine  before  they  can 
cause  liver  necrosis.   In  accord  with  this  view,  acetylhydrazine  (30  mg/kg) 
and  isopropyl  hydrazine  (l5  mg/kg)  cause  severe  hepatic  necrosis  in  rats  pre- 
treated with  phenobarbital  (PB).  Since  the  liver  necrosis  caused  by  acetyl- 
hydrazine  and  isopropyl  hydrazine  is  prevented  by  prior  treatment  of  the 
animals  with  inhibitors  of  cytochrome  P-I45O  enzymes  (Pip.B,  C0CI2,  and  amino- 
triazole) but  not  by  bls-p-nitrophenyl  phosphate,  acetyl  hydrazine  and  iso- 
propyl hydrazine  must  be  converted  to  reactive  metabolites  in  order  to  evoke 
liver  necrosis.  In  accord  with  this  view,  radiolabel  studies  showed  that  the 
acetyl  group  of  acetyl-INH  but  not  its  isonicotlnic  acid  moiety  is  covalently 
bound  to  liver  proteins  in  mice.  Moreover,  the  covalent  binding  of  the  acetyl 
label  was  increased  in  rats  pretreated  with  PB  and  decreased  in  rats  treated 
with  C0CI2  or  aminotriazole. 

Studies  on  the  pattern  of  urinary  metabolites  of  INH  and  acetyl-INH  are  con- 
sistent with  the  hypothesis  that  most  of  the  isoniazid  is  acetylated  before 
it  is  hydrolyzed  to  isonicotlnic  acid.  About  30-li0^  of  both  INH  and  acetyl- 
INH  are  excreted  either  as  isonicotlnic  acid  or  its  glycine  conjugate. 

The  mechanism  by  which  acetyl  hydrazine  and  isopropyl  hydrazine  causes  liver 
necrosis  remains  obscure,  because  only  single  cell  necrosis  occurs  after  the 
admlnistcation  of  LDcg  doses  of  hydrazine,  methyl  hydrazine,  ethyl  hydrazine 
or  n-propyl  hydrazine. 

Halogenated  Alkanes 

Ethanol  -  Carbon  Tetrachloride  (CClk)  Interaction:   Last  year  we  reported  that 
multiple  doses  of  ethanol  not  only  potentiates  the  toxicity  of  CCll;,  but  also 
increased  the  covalent  binding  of  radiolabeled  CCl^  to  liver  proteins  both 
in  vitro  and  in  vivo.  It  is  now  evident,  however,  that  the  potentiating 


194 


effects  of  ethanol  on  CClr-induced  toxicity  are  more  complex  than  first  be- 
lieved.  Pretreating  rats  with  ethanol  does  not  increase  the  rate  of  lipid 
peroxidation  as  measured  by  diene  conjugation  of  microsomal  lipids  nor  does 
it  increase  the  rate  of  covalent  binding  of  CCl,  during  the  first  2  hr.   But 
it  does  increase  the  maximal  amount  of  covalent  binding  and  appears  to  delay 
the  removal  of  the  covalently  bound  radiolabel.   Thus,  the  increase  in  co- 
valently  bound  CClij  metabolite  found  2^*  hr  after  the  administration  of  CClj, 
to  rats  pretreated  with  ethanol  may  occur  either  because  the  processes  of 
repair  are  slowed  by  the  pretreatment  with  ethanol  or  because  necrotic  cells 
retain  covalently  bound  radiolabel  longer  than  do  living  cells. 

Chloroform  (CHCI3):  We  have  confirmed  the  finding  of  Sipes  et  al . ,  that  CHCI3 
in  rats  pretreated  with  PB  causes  a  decrease  in  liver  glutathione  (GSH),  where- 
as CClii  does  not.   The  decrease  may  be  due  to  the  formation  of  a  GSH  conjugate 
of  the  reactive  metabolite  of  CHClo  because  the  excretion  of  radiolabel  CHCI3 
metabolites  into  bile  is  greatly  increased  in  animals  pretreated  with  PB. 
Strangely,  the  decrease  in  liver  GSH  by  CHCI3  does  not  occur  in  rats  given 
other  inducers  such  as  3-MC,  acetone  or  isopropanol  nor  do  the  liver  levels  of 
GSH  decline  in  rats  pretreated  with  PB  after  the  administration  of  CHpClp, 
CCloBr,  CHBro,  CHI3  or  CHo-CClo,  even  though  many  of  these  substances  are  more 
toxic  than  CHClo.   The  mechanism  by  which  GSH  is  decreased  by  CHClo  thus  re- 
mains unclear. 

Toxicities  by  Other  Compounds 

Spironolactone :   Last  year,  we  reported  that  spironolactone  in  doses  ranging 
from  10  mg/kg  to  100  mg/kg  selectively  destroys  the  cytochrome  P-i+50  in  the 
testicular  interstitial  cells  in  rats,  mice,  guinea  pig,  rabbit  and  dog  and 
that  the  decrease  in  testicular  cytochrome  P-I4.5O  results  in  a  decrease  in 
testosterone  synthesis.   This  effect  is  probably  caused  by  an  active  metabo- 
lite of  spironolactone  presumably  fonned  by  testicular  ITa-hydroxylase  because 
the  destruction  of  testicular  cytochrome  P-U50  in  vitro  requires  NADPH  and  can 
be  prevented  by  the  addition  of  the  addition  of  progesterone,  a  substrate  of 
ITa-hydroxylase  in  testis.   It  is  also  probable  that  either  a  thio  group  or 
an  acylated  thio  group  at  the  Ta-position  of  the  steroid  is  a  requisite,  be- 
cause destruction  of  cytochrome  P-U50  is  caused  by  3(3-oxo-Ta-thio  -  lT6-hy- 
droxy-ij-androstene-lTa-yl)  propionic  acid  lactone  both  in  vivo  and  in_  vitro , 
but  not  by  aldadiene  or  soldactone.  Moreover,  the  destruction  of  testicular 
cytochrome  P-ii50  does  not  occur  in_  vitro  when  the  7a-thio  group  is  replaced 
by  a  Ta-methyl  sulfinyl  group. 

Since  the  side  effects  of  spironolactone  in  man  include  impotence,  gynecomastia 
and  decreased  libido,  we  studied  four  patients  receiving  the  drug  for  5  days 
in  collaboration  with  EB:NHLI  and  RR:CHHD.   Surprisingly,  spironolactone 
treatment  did  not  alter  the  plasma  levels  of  testosterone,  estradiol,  FSH  or 
prolactin.   But  the  treatment  caused  significant  increases  in  the  plasma  level 
of  LH  in  one  of  the  four  patients  and  a  three-fold  increase  in  the  plasma 
levels  of  progesterone  in  all  four  patients.   Thus,  any  decrease  in  testicular 
cytochrome  P-ii50  caused  by  therapeutic  doses  of  spironolactone  apparently  can 
be  compensated  for  by  LH-induced  increases  in  the  synthesis  of  progesterone. 
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Paraquat :  This  herbicide  causes  edema  and  necrosis  in  the  pulmonary  alveoli 
followed  hy  interstitial  fibrosis  and  death.   In  support  of  the  view  that 
paraquat  does  not  cause  these  effects  by  promoting  the  formation  of  hydrogen 
peroxide  or  superoxide,  we  have  foimd  that  paraquat  does  not  cause  lipid  per- 
oxidation in  vivo  as  measured  by  diene  conjugation  of  lung  lipids.  Moreover, 
its  toxicity  is  apparently  not  mediated  by  superoxide  formed  from  xanthine 
oxidase,  because  the  administration  of  alloptirinol ,  which  blocks  xanthine 
oxidase,  did  not  prevent  death.  However,  our  findings  suggest  that  the  tox- 
icity may  be  affected  by  altering  3-adrenergic  responses  in  lung,  because  the 
lethal  effects  of  the  herbicide  are  potentiated  by  isoproterenol  and  tend  to 
be  decreased  by  propranolol. 

Other  Studies  Related  to  the  Metabolism  and  Toxicity  of  Drugs 

Acetaminophen :  Our  previous  studies  have  shown  that  the  centrilobular  necrosis 
caused  by  high  doses  of  acetaminophen  was  mediated  by  the  formation  of  a  chem- 
ically reactive  metabolite  that  combines  with  GSH,   In  accord  with  this  view, 
the  excretion  of  acetaminophen  mercapturic  acid  in  rats,  hamsters  and  mice 
paralleled  the  severity  of  acetaminophen-induced  hepatic  necrosis  in  these 
animal  species  (hamsters  =  mice  >  rats).  Moreover,  the  excretion  of  the 
mercapturic  acid  was  increased  in  hamsters  pretreated  with  3-MC  and  decreased 
in  those  given  Pip.B. 

We  have  also  sooggested  that  the  reactive  metabolite  of  acetaminophen  might  be 
its  N-hydroxyl  derivative.  Although  we  have  not  been  able  to  isolate  the  N- 
hydroxyl  derivative  of  the  drug,  we  have  found  that  a  cytochrome  P-1+50  enzyme 
in  liver  microsomes  from  hamsters  can  convert  p-chloroacetanilide  to  its  N-hy- 
droxyl derivative.  Moreover,  the  activity  of  the  enzyme  that  catalyzes  the 
formation  of  this  metabolite  was  increased  in  hamsters  pretreated  with  3-MC 
and  decreased  in  those  given  Pip.B. 

Chloramphenicol  and  Thiamphenicol:   Since  it  is  thought  that  chloramphenicol 
but  not  thiamphenicol  causes  bone  marrow  aplasia,  it  may  be  important  that 
chloramphenicol  in  rats  becomes  covalently  botind  to  macromolecules  in  various 
tissues  including  bone  marrow  to  a  greater  extent  than  does  thiamphenicol. 
Moreover,  in  rats  pretreated  with  PB,  the  covalent  binding  of  chloramphenicol 
is  increased  more  than  is  that  of  thiamphenicol.  Although  the  reactive  metabo- 
lite of  chloramphenicol  has  not  been  identified,  it  is  apparently  rather  stable 
because  PB  pretreatment  increases  the  covalent  binding  of  chloramphenicol  to 
about  the  same  extent  in  all  tissues  even  though  this  inducer  preferentially 
increases  the  activity  of  cytochrome  P-l*50  enzymes  in  liver.  Whether  the  re- 
active metabolite  is  formed  by  a  reductive  or  an  oxidative  reaction  is  also 
obscure,  because  the  inhibitor^'  effects  of  anaerobiosis  varies  from  almost 
complete  blockade  to  a  trivial  inhibition  of  covalent  binding  to  liver  macro- 
molecules  in  different  microsomal  preparations.  Moreover,  it  is  still  not 
known  whether  the  reactive  metabolite  cause.;  bone  marrow  aplasia  because  a 
suitable  animal  model  for  the  disease  has  n.it  been,  found. 

Nitroso-derivatlves :  It  has  been  reported  that  sodium  nitrite  added  to  food 
reacts  with  tertiary  and  secondary  amines  including  dimethylainine  and  amino- 
pyrine  to  form  dimethyl  nitrosamine  under  the  acidic  conditions  occurring  in 
the  stomach.  We  have  found  that  within  an  hour  after  the  coadministration  of 
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sodiinn  nitrite  and  the  antihistamine  triphennamine  to  rats  about  6^  of  the 
drug  is  converted  to  its  nitroso  derivative.   Although  the  nitroso  derivative 
is  covalently  bound  to  liver  microsomal  protein  in_  vitro  to  a  greater  extent 
than  is  the  parent  drug,  the  reactive  metabolite  probably  is  an  epoxide  rather 
than  a  diazo  derivative.   The  nitroso  derivative,  however,  does  not  cause 
liver  necrosis  even  After  high  doses  are  injected  for  k   days. 

Role  of  Cytochrome  b^  in  Cytochrome  P-1+50  Systems :   Studies  with  an  anti-NADPH 
cytochrome  c  reductase  antibody  and  an  anti-cytochrome  be  antibody  have  indi- 
cated that  NADH  and  cytochrome  be  can  affect  the  metabolism  of  drugs  by  cyto- 
chrome P-U50  systems  in  at  least  3  different  ways,   l)  Cytochrome  be  can  chan- 
nel electrons  from  NADPH  cytochrome  _c_reductase  and  thereby  decrease  the  rate 
of  driig  metabolism.   The  addition  of  NADH  prevents  this  divergence  of  electrons 
by  maintaining  cytochrome  be  in  the  reduced  state  and  thereby  increasing  the 
rate  of  metabolism  of  drugs  by  the  cytochrome  P-U50  system.   2)  NADH  reduces 
cytochrome  b^  which  can  donate  the  second  electron  in  the  metabolism  of  drugs 
T^y  cytochrome  P-U50.  However,  NADPH  can  donate  the  second  electron  by  a  path- 
way that  does  not  involve  cytochrome  be.   3)  Since  anti-cytochrome  be  can 
inhibit  the  metabolism  of  certain  compounds  by  liver  and  kidhey  microsomes  in 
presence  of  NADPH  but  in  the  absence  of  NADH  without  inhibiting  the  rate  of 
NADPH  oxidation,  cytochrome  be  can  participate  in  the  metabolism  of  drugs  by  a 
mechanism  in  which  the  metabolism  is  not  tightly  coupled  to  the  formation  of 
an  active-oxygen  complex.   This  mechanism  is  usually  of  trivial  importance  in 
the  metabolism  of  most  drugs  but  may  be  important  in  certain  reactions,  such 
as  the  omega  hydroxylation  of  fatty  acids. 

PHYSIOLOGICAL  CONTROL  MECHANISMS 

Cyclic  Nucleotide  Formation 

With  the  use  of  a  new  method  for  assaying  guanylate  cyclase  (G-C)  in  tissues, 
we  discovered  that  90^  of  lung  G-C  was  in  the  soluble  fraction.   The  soluble 
enzyme  is  unusual  in  that  it  requires  a  heat  labile  activator  and  is  not  acti- 
vated by  carbamyl  choline.   It  is  activated  by  Mn++  and  to  a  lesser  extent  by 
Mg++  and  Ca++.   The  activity  of  G-C  is  greatest  in  retina  followed  by  lung 
and  adrenals,  kidney,  testis,  heart  and  liver.   Nevertheless,  in  isolated  cells 
and  slices  of  liing,  carbamyl  choline  induces  increases  in  cyclic  GMP  levels 
and  the  increases  are  blocked  by  atropine.   In  addition,  carbamylcholine  also 
increases  cyclic-AMP  in  slices  but  not  in  isolated  cells  of  lung.   The  reason 
for  this  discrepancy  is  not  known. 

Metabolic  Factors  for  Retention  of  Norepinephrine  (NE)  by  Adrenergic  Nerve 
Endings :   It  now  seems  unlikely  that  the  retention  of  NE  by  vesicles  depends 
on  ATP  in  the  soluble  fraction  of  adrenergic  neurons.   When  the  energy  saurce 
for  retention  of  NE  in  heart  slices  is  pyruvate,  retention  of  NE  is  not  af- 
fected by  either  oligomycin  or  atractyloside ,  which  decrease  the  levels  of  ATP 
in  the  soluble  fraction.  Moreover,  pyruvate  may  evoke  high  energy  states  di- 
rectly in  the  vesicles  rather  than  indirectly  by  mitochondria  since  the  trans- 
fer of  energy  from  mitochondria  to  the  vesicles  seems  unlikely.   In  the  pressr 
ence  of  glucose,  however,  ATP  may  participate  in  the  retention  of  the  mobile 
pool  of  NE  but  not  in  that  of  the  vesicular  pool.   Retention  of  NE  is  slightly 
inhibited  by  antimycin  A  and  atractyloside  but  most  of  the  inhibition  occurs 
during  the  first  hour. 
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Objectives:   Synaptic  transmission  is  mediated  by  chemical  transmitters 
released  by  the  nerve  ending.   These  transmitters  diffuse  across  a  small, 
extracellular  space  called  the  synaptic  cleft,  which  is  located  between  two 
highly  specialized  membranes  at  the  pre-synaptic  nerve  ending  and  post- 
synaptic cell. 

The  nerve  ending  contains  the  mechanisms  for  synthesis ,  storage  and 
release  of  nerve  transmitter.  The  nerve  ending  also  has  mechanisms  for 
uptake  of  released  amine,  thus  terminating  synaptic  transmission  and  helping 
the  nerve  ending  retain  an  adequate  supply  of  transmitter. 

Until  recently,  oxtr   effort  has  been  directed  towards  a  better  under- 
standing of  the  mechanism  of  reuptake  of  the  transmitter.  Recently,  we 
began  studies  of  the  mechanisms  of  storage  of  transmitter  in  the  nerve 
ending.  Most  investigators  working  on  this  problem  have  employed  isolated 
synaptic  vesicles ,  the  tiny  sac-like  structures  containing  enzymes  for  the 
manufacture  of  transmitter  and  mechanisms  for  its  storage  which  are  largely 
unknown.  It  is  important  to  realize  that  isolated  vesicles  do  not  store 
adrenergic  transmitters  at  3T°C.  Therefore,  experiments  were  usually  run 
at  20°.  We  have  attempted  a  new  approach  to  this  problem.   Synaptic 
vesicles  are  allowed  to  remain  within  the  nerve  ending,  but  are  metabolically 
isolated  from  the  nerve  ending.  The  morphological  and  functional  integrity 
of  the  vesicles  are  then  sustained  by  metabolic  activity,  utilizing 
metabolites  supplied  from  the  outside. 
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Methods  Employed;   The  endogenous  pool  of  norepinephrine  (NE)  in 
rat  heart  slices  was  labeled  with  tritiated  NE  (%-NE)  .  The  rats  were 
killed  24  hr  later  and  heart  ventricle  slices  were  prepared.   In  effect,  the 
adrenergic  nerve  endings  within  heart  ventricle  slices  of  the  rat  were 
used  for  experiments.  The  synaptic  vesicles  within  the  nerve  endings  were 
isolated  from  metabolic  activity  in  the  nerve  endings  by  a  process  called 
auto-dialysis  (Blaszkowski  and  Bogdanski,  1973).   Thus,  endogenous  metabolites 
were  removed  from  the  nerve  ending,  and  exogenous  metabolites  were  added  to 
the  nerve  endings.   The  heart  slices  were  immersed  for  18  hours  in  ice-cold 
solutions.  The  various  cell  membranes  were  the  dialysis  membranes.   During 
auto-dialysis,  permeable  substances  left  the  cell  and  exogenous  substances 
entered  the  cell.   Thus,  pathways  of  metabolism  were  controlled  by  the 
exogenous  metabolites  and  inhibitors  used  for  the  experiments. 

After  auto-dialysis,  the  slices  were  incubated  in  Krebs-bicarbonate 
medium  with  and  without  various  meteibolites  and  inhibitors.  The  percentage 
of  original  -^H-NE  remaining  in  the  tissue  at  various  time  intervals  was 
calculated  and  plotted  semilogarithmically.   Storage  was  expressed  as  the 
half-life  of  retention  of  tissue  %-NE  (T-1/2) . 

Major  Findings;   The  T-1/2  of  H-NE  in  slices  that  were  auto-dialyzed 
and  incubated  without  exogenous  metabolites  was  88  min.   The  inclusion  of 
glucose  in  the  auto-dialysis  solution  and  the  incubation  medium  increased 
the  T-1/2  to  426  min  as  compared  to  the  5  min  T-1/2  of  NE  in  isolated  splenic 
nerve  vesicles  (Euler  and  Lishajho) .  Hence,  the  storage  of  NE  is  metabolically 
dependent.   The  T-1/2  was  reduced  27%  during  anaerobic  glycolysis,  but 
reduced  about  97%  by  0.5  mM  iodoacetate.   Thus,  glycolysis  can  supply 
metabolites,  chiefly  ATP,  required  for  retention. 

In  the  presence  of  pyruvate,  the  T-1/2  was  292  min.   Metabolically 
dependent  retention  was  nearly  abolished  by  anaerobiosis  (T-1/2  =  61  min)  but 
not  be  0,5  mM  iodoacetate.   Apparently  retention  in  the  presence  of  pyruvate 
is  maintained  by  respiratory  metabolic  of  Krebs  cycle  intermediates. 
Inhibitors  of  oxidative  phosphorylation  were  tested  for  their  ability  to 
inhibit  metabolically  dependent  retention  in  the  presence  of  glucose  and 
pyruvate,  respectively.   In  the  presence  of  glucose  retention  was  only 
slightly  inhibited  in  the  presence  of  antimycin  A,  2-4-dinitrophenol  (DNP) 
or  atractyloside.   The  minor  extent  of  inhibition  of  metabolically  dependent 
retention  that  did  occur  was  limited  mainly  to  the  first  60  min  of  incubation. 
As  indicated  below,  retention  was  sustained  primarily  by  reuptake  of  a  mobile 
pool  of  NE  during  this  time. 

By  contrast,  retention  throughout  the  incubation  with  pyruvate  was 
abolished  by  antimycin  A  and  by  DNP.   Unexpectedly,  retention  was  reduced  by 
only  24%  in  the  presence  of  oligomycin  and  atractyloside. 
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The  above  findings  can  not  be  interpreted  in  terms  of  known  actions  of 
the  drugs.  The  data  are  not  consistent  with  current  concepts  of  retention. 
It  is  commonly  thought  that  retention  in  isolated  vesicles  is  dependent 
upon  extravesicular  ATP.  In  auto-dialyzed  nerve  endings,  incubated  with 
pyruvate,  retention  could  not  be  maintained  only  by  extravesicular  ATP 
because  all  the  inhibitors  should  reduce  the  cytoplasmic  ATP  supplied  by 
oxidative  phosphorylation,  but  only  two  inhibitors  abolished  metabolically 
dependent  retention.   By  analogy  with  mitochondria,  the  two  effective 
inhibitors,  antimycin  A  and  DNP ,  either  prevent  the  formation  of  intermediate 
energized  states  coupled  to  electron  transport  or  dissipate  the  energized 
states  without  work  performance.  Oligomycin  does  not  inhibit  the  formation 
of  energized  states  but  it  prevents  phosphorylation  of  ATP.  Atractyloside 
prevents  the  release  of  ATP  from  mitochondria.  Hence,  metabolically 
dependent  retention  is  supported  by  the  formation  of  energized  states 
linked  to  electron  transport  but  not  oxidative  phosphorylation.  These 
reactions  are  apparently  non-mitochondrial ,  and  most  likely  occur  in  the 
vesicles  directly.  The  above  discussion  is  simunarized  in  Table  1. 

Table  1 
Suramary  of  relationship  between  retention  of  NE  and  energy  conservation 

reactions 


Metabolic  process  Incubation  conditions  Product  Retention,  or  Release 


Glycolysis  only    glucose,  antimycin  A   ATP 
or  N^ 


Retention 


Glycolysis 

inhibited 


glucose ,  iodoacetate   no  ATP 


Release 


Oxidative 
Phosphorylation 


pyruvate 


ATP 

energized  state  Retention 


Oxidative 

Phosphorylation 

inhibited. 


pyruvate,  oligomycin   energized  state  Partial 
or  atractyloside    no  ATP  Retention 


Electron  Transport  pyruvate,  antimycin  A  no  ATP         no  Retention 
or  energized  state    or  2-4,  DNP         no  energized 
inhibited  state 
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Is  retention  supported  by  ATP  synthesized  in  vesicles?  Apparently 
not,  at  least  not  by  a  mechanism  aOcin  to  oxidative  phosphorylation. 
Oligomycin  blocks  oxidative  phosphorylation,  but  not  metabolically  dependent 
storage. 

Can  ATP  energize  the  formation  of  energized  states  apparently  required 
for  retention  by  analogy  with  its  action  in  mitochondria?  No,  because  the 
mitochondrial  energized  states  are  dissipated  by  DNP.   Metabolically 
dependent  storage  in  the  presence  of  glucose  and  antimycin  A  is  not  dissipated 
by  DNP. 

Our  long-term  investigations  of  the  electrolyte  requirement  for  uptcJce 
and  release  were  continued.  For  this  year,  the  effect  of  uptake  mechanisms 
on  retention  was  studied  primarily. 

In  the  presence  of  glucose  and  antimycin  A,  retention  was  supported  by 
the  ATP  formed  during  glycolysis.   Under  these  conditions  retention  of  a 
mobile  pool  of  NE  was  primarily  affected.   Thus,  during  the  first  6o  min 
of  incubation,  retained  NE  diminished  rapidly  and  decrementally ,  followed 
by  a  slower  rate  of  loss  of  more  strongly  bound  NE.   In  the  presence  of 
desipramine,  an  inhibitor  of  the  transport  mechanism,  both  components  of 
retention  in  the  slices  incubated  with  glucose  and  antimycin  A  were  decreased. 
Thus,  inhibition  of  reuptake  increases  spontaneous  loss  of  retained  NE. 

Desipramine  also  increased  the  rapidity  of  decrease  of  the  NE  retained 
by  heart  slices  incubated  with  75  mM  Na  and  106  mM  K,  a  concentration  of  K 
sufficient  to  depolarize  the  nerve  membrane.   Desipramine  decreased  the 
uptake  of  NE  in  slices  incubated  in  a  similar  medium.   Thus  desipramine 
apparently  increased  the  rate  of  decline  of  retained  NE  by  blocking  reup- 
take of  released  NE . 

A  report  in  the  literature  suggests  that  the  release  of  nerve  trans- 
mitter during  synaptic  transmission  might  be  the  result  of  inhibition  of 
reuptake  by  depolarization  of  the  nerve  membrane.   However,  our  studies 
indicate  that  the  uptake  of  NE  by  heart  slices  incubated  with  depolarizing 
concentrations  of  K  is  inhibited  by  only  about  25%  if  physiological 
concentrations  of  Na  are  present.   Thus,  the  membrane  transport  mechanism 
is  quite  capable  of  translocating  NE  even  while  the  membrane  is  depolarized. 

Desipramine  decreased  the  rate  of  decline  of  tissue  NE  from  slices 
incubated  in  a  Na-free  (choline)  medium  containing  Ca.   In  this  case  there 
was  no  extracellular  Na  to  activate  the  transport  mechanism,  which,  as  we 
have  shown  in  a  number  of  publications,  is  Na  dependent.   Desipramine  did 
not  inhibit  uptake  but  it  did  inhibit  carrier  mediated  release  activated 
by  intracellular  Na'''. 
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SignificcUice  to  Biomedical  Research  and  the  program  of  the  Institute; 
Nearly  all,  if  not  all  bodily  fiinctions  are  regulated  by  nerve  activity, 
which  is  ultimately  mediated  by  chemical  transmitters.  Function  of  the 
cardiovascular  system,  in  particular,  is  susceptible  to  modification  by 
drugs  acting  at  the  adrenergic  division  of  the  autonomic  nervous  system. 
Most  drugs  used  for  treatment  of  hypertension  modify  activity  in  these 
nerves.  Thus,  for  a  rational  approach  to  the  treatment  of  cardiovascular 
dlse^e,  a  full  and  detailed  knowledge  of  the  function  of  this  system  is 
required. 

Proposed  Course  of  Project;  In  collaboration  with  members  of  the 
Dept.  of  Physiological  Chemistry  of  the  Johns  Hopkins  School  of  Medicine, 
investigations  have  been  and  are  continuing  to  be  made  of  electron  transport 
mechanisms  in  isolated  membrames  of  synaptic  vesicles.  These  studies  will 
be  complemented,  at  the  NIH,  by  studies  of  retention  in  the  presence  of 
various  metabolic  substrates  and  inhibitors  indicated  in  the  results 
section.  Thus,  a  direct  link  between  metabolism,  electron  transport  and 
metabolically  dependent  retention  is  being  sought. 

Honors  euid  Awards;  None 

Publications:  Bogdanski,  D.F.  and  Blaszkowski,  T.P.;   Role  of  extra- 
vesicular  adenosine  triphosphate  and  apparent  vesicular 
energy  conservation  reactions  in  retention  of  norepine- 
phrine by  adrenergic  nerve  endings.  Neuropharmacology, 
in  press. 

Bogdanski,  D.F.:  Effect  of  electrolytes  on  amine  transport 
and  release  mechanisms  in  nerve  endings.  Biochemical 
Pharmacology,  in  press. 
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July  1,  1973  through  June  30,  1974 

Project  Title:  Spironolactone  treatment  and  plasma  concentrations 

of  androgens ,  estrogens  and  pituitary  hon^ones  in 
man  and  dog. 

Previous  Serial  Number:   NHLI-191 

Principal  Investigators:   Dr.  Bitten  Stripp 
Dr.  Raymond  Menard 
Dr.  James  R.  Gillette 

Other  Investigators:      Dr.  Frederic  C.  Bartter 
Dr.  Lynn  D.  Loriavix 

Cooperating  Unit:         Laboratory  of  Endocrinology,  NHLI 

Laboratory  of  Reproduction  Research,  CHHD 

Project  Description: 

Objectives:   We  have  recently  found  that  treatment  with  spironolactone 
(SL)  decreases  the  ability  of  the  gonads  from  rats,  mice,  rabbits, 
guinea  pigs  and  dogs  to  synthesize  testosterone  in_  vitro.   The  decrease 
is  due  to  a  specific  breakdown  of  testicular  cytochrome  P-450,  an  obligatory 
electron  acceptor  for  the  17  a  hydroxylase  and  17  a  desmolase  in  the 
synthesis  of  testosterone  from  progesterone.   Since  decreased  libido, 
impotence  and  gynecomastia  are  side  effects  often  encountered  during 
treatment  of  men  with  SL,  it  seems  possible  that  the  decreased  androgen 
formation  observed  in  vitro  with  animal  tissue ,  also  occurs  in  man  and 
results  in  a  decreased  androgen  profile  in  the  body.   To  access  this 
possibility  we  investigated  the  effect  of  SL  treatment  on  androgen  and 
estrogen  concentration  in  dog  plasma  and  on  various  steroids  and  pituitary 
hormones  in  human  plasma. 

Methods  Employed:   Standard  radio-immunoassay  techniques  were  used 
to  measure  the  different  hormones. 

Major  Findings:    Each  dog  served  as  its  own  control;  i.e.:   left 
testis  and  blood  from  left  spermatic  vein  were  removed  before  SL  admini- 
stration and  right  testis  and  blood  from  right  spermatic  vein  were  removed 
after  SL  administration.   Under  these  conditions  we  foxind  that  4  hours 
after  intravenous  infusion  of  SL  (100  mg/kg  in  propylene  glycol)  the 
concentration  of  testosterone  and  estradiol  in  the  spermatic  vein  was 
lowered  by  57-85%.   At  the  same  time  testosterone  synthesis,  17  a  hydroxylase 
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and  cytochrome  P-450  decreased  in  a  similar  manner. 

From  four  healthy  volunteers  (males) ,  blood  was  drawn  at  8  a.m.  on 
3  consecutive  days.  After  the  sampling  on  the  third  day  and  each  day 
thereafter  400  mg  SL  was  given  orally  for  5  days,  and  blood  was  sampled 
at  8  a.m.  on  day  5,  6  eind  8.  No  systematic  changes  occurred  in  the 
plasma  concentration  of  testosterone,  estradiol,  FSH  or  prolactin  after 
ingestion  of  SL.  significant  increases,  however,  did  occur  in  the 
concentration  of  progesterone  in  all  four  individuals  and  an  increase  in 
LH  was  also  noted  among  the  four  subjects,  although  significant  in  only 
one  case.  The  lack  of  change  in  the  plasma  concentration  of  testosterone 
might  be  explained  either  by  the  low  dose  (5  mgAg  compared  to  100  mg/kg 
in  animals)  or  by  too  much  variability  within  the  same  individual  which 
could  conceal  small  changes  (20%  or  less)  caused  by  SL.  It  is  also  possible 
that  an  initial  small  breakdown  of  the  17  a  hydroxylase  did  take  place 
which  immediately  triggered  the  release  of  pituitary  LH  whereby  the  remaining 
enzymes  in  the  interstitial  cells  were  able  to  maintain  a  normal  testosterone 
production.   In  favour  of  this  hypothesis  are  the  findings  of  increased 
LH  and  progesterone  concentrations,  since  an  increase  in  the  latter  might 
be  expected  as  a  result  of  an  LH  stimulated  conversion  of  cholesterol  to 
progesterone . 

Significance  to  Biomedical  Resecirch  and  the  Program  of  the  Institute: 
This  study  is  an  attempt  to  provide  a  better  insight  into  the  events 
which  are  responsible  for  the  SL  induced  side-effects  in  man  and  might 
be  helpful  for  future  studies  on  molecular  design  of  diuretic  and  anti- 
hypertensive agents  of  this  kind. 

Proposed  Course  of  Project;  An  extensive  study  over  a  longer  period 
of  time  is  planned  with  human  volunteers  in  order  to  evaluate  the  cause  of 
gynecomastia,  decreased  libido  and  impotens . 

Honors  and  Awards:  None 

Publications:   Menard,  R.H.,  Stripp,  B.  and  Gillette,  J.R.:  Spironolactone 
and  testicular  cytochrome  P-450:   Decreased  testosterone 
formation  in  several  species  and  changes  in  hepatic  drug 
metabolism.  Endocrinology,  in  press,  1974. 
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Project  Title: 


Spironolactone  and  testicular  cytochrome  P-450: 
Mechanism  of  inhibition  of  androaen  formation 
in  testis. 


Previous  Serial  Number: 


NHLI-191 


Principal  Investigators: 


Dr.  R.  H.  Menard 

Dr .  B .  Stripp 

Dr.  J.  R.  Gillette 


Other  Investigator: 


Mr.  John  George 


Cooperating  Unit :         None 

Project  Description: 

Objectives:   Recently  we  showed  that  administration  of  spironolactone 
(SL)  caused  a  50-80%  destruction  of  testicular  cytochrome  P-450  and 
thereby  a  reduction  in  the  formation  of  testosterone  in  the  testes  from 
various  species. 

The  mechanism  by  which  the  destruction  occurs  has  been  accessed  by 
in  vivo  and  in  vitro  studies  with  SL  and  structural  analogues . 

Methods  Elmployed:   Standard  biochemical  techniques  were  used. 

Major  Findings:   The  possibility  that  SL  itself  causes  a  breakdown  of 
testicular  cytochrome  P-450  was  ruled  out,  since  addition  of  as  much 
as  200  yM  to  a  testicular  microsomal  suspension  results  in  a  decrease 
in  the  cytochrome  P-450  content  of  the  suspension  only  when  NADPH  is 
also  added  and  incubation  is  carried  out  at  37°.   Therefore,  the  breakdown 
of  cytochrome  P-450  is  most  likely  due  to  a  metabolite  of  SL.   Such  a 
metabolite  might  originate  in  the  liver  although  it  seems  more  possible 
that  it  is  formed  in  the  testis  since  1)  no  destruction  of  hepatic 
cytochrome  P-450  occurs  and  2)  destruction  of  testis  cytochrome  P-450 
is  seen  in  dogs  in  which  the  liver  is  excluded  completely  from  circulation. 
Since  the  breakdown  of  cytochrome  P-450  occurs  in  vitro  when  NADPH  is 
incubated  together  with  133  yM  SL  the  reactive  metabolite  is  formed  by 
the  NADPH  dependent  mixed  function  oxidase  in  the  testis  microsomes. 
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In  accord  with  the  view  that  cytochrome  P-450  catalyzes  the  formation 
of  the  active  metabolite  that  causes  its  destruction  the  addition  of 
progesterone,  a  natural  substrate  for  the  cytochrome  P-450,  to  the 
incubation  medium  coirpletely  blocks  the  breakdown  of  the  cytochrome. 

The  sulfvir  group  in  the  7th  position  of  the  SL  molecule  seems  to  be 
essential  for  the  destruction  of  cytochrome  P-450.  Thus,  no  destruction 
occurs  in  vivo  or  in  vitro  after  administration  of  aldadiene  or  soldactone. 
Very  little  or  no  breakdown  of  cytochrome  P-450  occurs  in  vitro  in  presence 
of  3-(3-oxo-7  a-methylthio-17  3-hydroxy-4randrosten-17  a-yl)  propionic 
acidyiactone  or  3-(3-oxo-7  a-methylsulfinyl-6  3,  17  a-dihydroxy-4-androsten- 
17  a-yl)  propionic  acidflactone  but  a  breakdown  similar  to  that  seen  with 
SL  did  occur  in  vitro  and  in  vivo  with  3-{3-oxo-7  a-thio-17  g-hydroxy-4- 
androsten-17  o-yl)  propionic  acidyiactone.  It  seems  likely,  therefore, 
that  an  initial  hydrolysis  of  the  thioacetyl-ester  of  SL  takes  place,  before 
the  formation  of  the  reactive  metabolite.  Other  sulfur  containing  compounds 
such  as  disulfirani,  diethyldithiocariaamate  or  carbondisulfide  do  not  cause 
a  breakdown  of  cytochrome  P-450. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
The  elucidation  of  the  mechanism  by  which  SL  causes  a  breakdown  of  cyto- 
chrome P-450  may  provide  information  which  can  be  helpful  for  the  future 
design  of  diuretic  steroids  without  side  effects.  The  study  may  also 
provide  information  on  the  structure  and  stability  of  microscmal  hemo- 
protein. 

Proposed  Course  of  Project;  The  study  will  be  continued  with  other 
structural  analogues  and  attempts  will  be  made  to  characterize  the  reactive 
intermediate . 

Honors  and  Awards:  None 

Publications:   None 
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Project  Title:  Interaction  of  nitrofurazone  with  various  tissues 

from  mice  and  rats 

Previous  Serial  Number:   NHLI-196 

Principal  Investigators:   Dr.  B.  Stripp 

Dr.  R.  H.  Menard 
Dr.  J.  R.  Gillette 

Other  Investigators:      Mr.  John  George 

Cooperating  Unit:         None 

Project  Description: 

Objectives:   Many  nitrofuran  derivatives  are  widely  used  food  pre- 
servatives and  nitrofurazone  is  also  a  topical  anti-bacterial  agent 
with  widespread  clinical  use.   Unfortunately,  however,  the  possibility 
exists  that  these  compounds  may  be  potential  carcinogens  in  man,  since 
studies  in  rodents  and  dogs  have  shown  that  malignant  tumors  are  formed 
in  various  tissues  from  animals  exposed  to  nitrofurans  in  their  diet 
(Cohen,  Ertttrk  and  Bryan,  Cane.  Res.   30.'  1970)  .  Moreover,  it  has  been 
known  for  the  past  20  years  that  nitrofurazone  and  structurally  related 
compounds  cause  atrophy  of  the  rat  testis  resulting  from  a  degeneration 
of  the  seminiferous  tubules.   Since  the  nitro  group  is  essential  for  the 
formation  of  tijmors  it  seems  possible  that  the  oncogenic  activity  of  the 
nitrofurans  may  occur  because  the  nitrogroup  during  its  enzymatic 
reduction  to  an  aminogroup  is  converted  to  an  N-hydroxylamine.   Such 
intermediates  are  highly  reactive  compounds  which  might  covalently  bind 
to  protein  macromolecules  and  thus  lead  to  carcinogenesis  or  aspermato- 
genesis. At  least  3  different  enzymes  (microsomal  NADPH  cytochrome  £ 
reductase,  soluble  xanthine  oxidase  or  aldehyde  oxidase)  are  capable  of 
reducing  the  nitrogroup  in^  vitro,  and  the  reactions  were  shown  to  be 
very  sensitive  to  the  presence  of  oxygen. 

The  importance  of  these  enzymes  in  vivo,  however,  at  physiological 
oxygen  tension  has  not  been  established.  We  have  assessed  this  problem  by 
measuring  the  amount  of  covalently  bound  (or  non-extractable)  C-14  in 
protein  macromolecules  in  various  tissues  from  mice  that  received 
intraperitoneal  injections  of  either   C-{formyl)  nitrofurazone  of   C- 
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(semlcarbazone)  nltrof urazone .   In  addition,  we  have  attempted  to 
influence  the  nitrofurazone-tissue  interaction  by  pretreating  the  animals 
with  sodium  tungstate  prior  to  the  administration  of  nitrof urazone,  since 
sodium  tungstate  decreases  the  concentration  of  xanthine  oxidase. 

Methods  Employed;  Standard  biochemical  methods  were  used.  Covalent 
binding  to  protein  macromolecules  was  measured  as  described  in  last  years 
report  No.   NHLI-196. 

Major  Findings:  Approximately  the  same  amount  (400  picomoles/mg 
protein)  of  ■'•^C  nitrofurazone  equivalents  was  bound  to  liver,  testes 
and  blood  1-4  hr.  after  administration  of  300  mg/kg  of   C-(semicarbazone) 
nitrofurazone  to  mice.  After  administration  of  300  mg/kg  ■*■  C-(formyl) 
nitrofurazone  the  same  amount  of  ^^C   was  bound  to  blood,  but  approximately 
twice  as  much  was  bound  to  liver  and  1  1/2  times  as  much  to  testes.   Since 
■'•^C-semicarbazide  administration  does  not  result  in  any  significant  binding 
of   C  to  protein  macromolecules  (60-90  picomoles  in  liver  and  35-60 
picomoles  in  testes)  it  appears  that  some  cleavage  of  the  C  =  N  bond  of 
the  Schiffs  base  may  occur  after  the  drug  is  bound  to  tissues.   Such  a 
cleavage  would  explain  the  smaller  amount  of   C  bound  after   C-(semi- 
carbazone)  nitrofurazone  than  after   C-(formyl)  nitrofurazone.   That  such 
a  hydrolysis  teikes  place  in  vivo  and  not  as  a  result  of  the  warm  TCA  treat- 
ment of  the  precipitated  protein  in  vitro  is  supported  by  the  finding 
that  negligible  hydrolysis  of   C-(formyl)  nitrofurazone  occurred  in  a 
warm  10%  TCA  in  vitro . 

14 
Despxte  the  relatively  high  degree  of  binding  of   C-(formyl)  nitro- 
furazone (app.  0.8-1  nmol/mg  protein)  to  liver,  we  never  observed  any 
pathological  changes  in  this  organ  or  in  kidney  and  lung  after  8  days  of 
treatment  with  nitrofurazone  even  when  diethylmaleate ,  which  enhances  the 
covalent  binding  50%,  was  administered  simultaneously.  We  did,  however, 
with  dosages  as  low  as  30-50  mg/kg  for  6  days  observe  giant  cell  formation 
in  the  testis  and  aspermatogenesis  in  rats.  After  150  mgAg  daily  for 
6  days  to  rats  or  250  mg/kg  daily  for  3  days  to  mice  cytochrome  P-450 
concentration  in  testis  microsomes  was  diminished  by  30-60%.   It  seems 
possible  that  these  signs  of  toxicity  are  due  to  formation  of  reactive 
N-hydroxyintermediates ,  but  the  origin  of  such  intermediates  is  a  puzzle. 
They  might  be  formed  in  the  liver  and  transported  with  plasma  proteins 
to  the  testis  since  a  relatively  high  degree  of  binding  of   C-nitrofurazone 
is  seen  in  blood.  Testes,  on  the  other  hand,  are  capable  of  forming 
reactive  intermediates  as  evident  from  in  vitro  binding  studies  which 
show  the  rat  testis  microsomes  to  have  30-40%  of  the  activity  of  hepatic 
microsomes  and  the  testis  soluble  fraction  to  have  20%  of  the  activity  of 
that  of  liver.   Moreover,  incubations  iri  vitro  with  testis  microsomes  in 
presence  but  not  in  absence  of  NADPH  under  anaerobic  conditions  decreased 
the  concentration  of  cytochrome  P-450. 

Although  treatment  of  rats  for  7  days  with  sodium  tungstate  decreased 
the  in  vitro  binding  capacity  of  the  hepatic  soluble  fraction  for  ^^C- 
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nitrof urazone  by  60% ,  this  treatment  did  not  decrease  the  in  vivo  binding 
to  liver  or  testes.  Nor  did  it  alter  the  severity  of  the  nitrof urazone 
induced  aspermatogenesis.  The  reason  for  the  lack  of  effect  of  the  sodium 
tungstate  pretreatment  in  vivo  may  be  due  to  the  fact  that  at  least  3 
enzyme  systems  may  be  responsible  for  the  formation  of  reactive  intermediates. 
Thus,  decreasing  the  metabolism  through  one  pathway  may  merely  enhance 
the  metabolism  through  the  other (s). 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
Since  nitrofuran  derivatives  are  widely  used  food  additives  in  some 
parts  of  the  world  it  is  important  to  investigate  their  cytotoxicity  and 
the  metabolic  processes  involved  herein. 

Proposed  Course  of  Project:   This  project  has  been  terminated. 

Honors  and  Awards :   None 

Publications :   None 
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Project  Title:  Studies  on  the  role  of  cytochrome  b^  in  the 

metabolism  of  drugs  by  cytochrome  P-450  enzymes 
in  liver  microsomes 

Previous   Serial  Number:        NHLI-198 

Principal  Investigators:   Dr.  Henry  A.  Sasame 

Dr.  Jerry  R.  Mitchell 
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Dr.  James  R.  Gillette 

Other  Investigators:      None 

Cooperating  Unit:         None 

Project  Description: 

Objectives;   Last  year  we  have  presented  data  to  resolve  partly  the 
possible  role  of  cytochrome  be  in  cytochrome  P-450  mediated  reactions  in 
the  endoplastic  reticulum  of  liver,  which  include  the  metabolism  of 
steroids,  drugs  and  other  foreign  compounds.  By  means  of  immunochemical 
studies,  we  have  demonstrated  unequivocally  that  the  synergistic  effect 
of  NADH  on  NADPH  mediated  ethylmorphine  metabolism  by  P-450  enzyme  in  liver 
microsomes  is  indeed  mediated  through  cytochrome  bg.   In  order  to  assess 
the  exact  role  of  cytochrome  b^  in  cytochrome  P-450  enzyme  system  in  liver 
microsomes ,  we  have  continued  these  studies  with  various  substrates  and 
microsomes  from  other  tissues. 

Methods  Employed;  We  have  prepared  antibodies  against  cytochrome  b^ 
as  well  as  antibodies  against  NADPH  cytochrome  c  reductase.  NADPH  cytochrome 
c  reductase  and  cytochrome  b^  in  rat  liver  microsomes  ware  solubilized  by 
tryptic  digestion  ;  and  purified,  according  to  the  modified  method  of  Omura. 
After  purification,  each  of  these  proteins  gave  a  single  peak  following  gel 
electrophoresis.   Goats  were  Immunized  against  purified  NADPF  cytochrome  c_ 
reductase,  and  the  antiserum  was  purifjed  by  ammonium  sulfate  fractionatior . 
Sheep  were  immunized  against  purified  c;rtochrome  be  and  the  cci-r-spo"ii' 
antiserum  were  purified  by  ammonium  sulfate  fractions':?! on.   S' "n '"rd 
biochemical  procedures  were  used. 
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Major  Findings;   1)   In  accord  with  the  last  years  data  sheep  anti- 
cytochrome  b5  antibody  selectively  blocked  the  reduction  of  cytochrome  P-450 
by  NADH  but  not  by  NADPH.  Thus,  cytochrome  b5  plays  a  role  in  the  NADH 
mediated  metsibolism  of  various  siibstrates  such  as  ethylmorphine ,  codeine, 
benzphetamin ,  aminopyrine  and  hexobarbital  by  liver  microsomal  cytochrome 
P-450,   Moreover,  sheep  anti-cytochrome  b^  also  inhibited  the  substrate 
stimulated  NADH  oxidation  rate  as  well  as  metabolic  rate  of  various  substrates 
by  rat  liver  microsomes. 

2)  The  magnitude  of  the  synergistic  effect  of  NADH  and  NADPH  mediated 
metabolism  of  various  substrates  by  liver  microsomes  is  substrate  specific. 
For  instance,  in  a  series  of  morphine  analogues,  one  finds  no  synergistic 
effect  with  morphine,  but  a  marked  effect  with  ethylmorphine  and  codeine. 

3)  The  sheep  anti-cytochrome  b  antibody  inhibited  the  NADPH  mediated 
P-450  enzyme  catalyzed  reaction  in  a  range  of  12  (hexobarbital)  to  29% 
(codeine)  depending  on  the  substrate  and  the  inhibition  was  reversed  by 
the  preincubation  of  anti-cytochrome  b5  antibody  with  pure  solubilized 
cytochrome  bg.   In  contrast  to  the  NADH  mediated  reaction,  however,  there 
was  no  diminution  of  total  electron  flux  through  NADPH  oxidation,  inferring 
that  "spared  electron  flux"  through  the  blockage  of  cytochrome  b5  may  par- 
ticipate in  a  way  which  was  hitherto  not  suspected. 

4)  The  new  mechanism  was  expecially  evident  in  the  omega  hydroxylation 
of  lauric  acid.  Anti-cytochrome  bg  inhibited  the  NADPH  dependent  reaction  by 
30-50%  by  liver  and  kidney  cortex  microsomes  and  the  inhibition  was  reversed 
by  pretreatment  of  anti-cytochrome  bg  antibodies  with  pure  cytochrome  b^. 
However,  the  antibody  did  not  affect  the  total  NADPH  oxidation.  Thus  the 
system  could  apparently  form  an  active  oxygen  complex  which  was  independent 
of  cytochrome  b^  while  the  utilization  of  the  active  oxygen  for  lauric  acid 
metabolism  required  cytochrome  bj.  The  possibility  that  the  active  oxygen 
was  Superoxide  anion  has  been  ruled  out  because  superoxide  dismutase  failed 
to  inhibit  the  omega-hydroxylation  of  lauric  acid  by  either  kidney  or  liver 
microsomes. 

5)  A  striking  feature  of  the  new  mechanism  is  its  unique  specificity 
toward  hydroxylation  of  testosterone  by  rat  liver  microsomes.   The  hydroxylation 
of  6  B  position  of  testosterone  was  inhibited  by  anti-cytochrome  b^  but  that 

at  the  2  6,  7  6,  and  16  6  positions  was  not. 

6)  Lastly,  the  importance  of  the  new  mechanism  with  any  given  sub- 
strate varies  with  the  tissue.  Anti-cytochrome  b^  cintibody  inhibits  the 
3,4  benzpyrene  hydroxylase  of  rat  liver,  adrenal  and  lung  microsomes  but  not 
the  hydroxylase  of  kidney  cortex  microsomes. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
Since  both  cytochrome  b^  and  cytochrome  P-450  are  present  in  microsomes 
from  various  tissues,  it  seems  vitally  important  to  elucidate  the  relationships 
between  these  cytochromes  in  drug  metabolism. 
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Proposed  Course  of  Pro.iect:  Obtaining  anti-cytochrome  b^  antibodies 
having  much  higher  titre  against  cytochrome  b^  is  deemed  essential  for 
a  clearer  insight  into  the  role  of  cytochrome  be  on  P-U50  mediated 
enzyme  reactions. 

Honors  and  Awards:  None 

Publications:  Sasame,  H.A. ,  Thorgeirsson,  S.S.,  Mitchell,  J.R.  and 

Gillette,  J.R.:  The  possible  involvment  of  cytochrome 
be  in  the  oxidation  of  lauric  acid  by  microsomes  from 
kidney  cortex  and  liver  of  rats.  Life  Sciences  1^: 
36-I+6,  197^. 
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project  Description: 


Dr.  W.  z.  Potter  is  a  Research  Associate  in  the 
Pharmacology-Toxicology  Program,  NIGMS, 
Dr.  M.  Weihe  holds  an  NIH  International 
Fellowship,  Fogarty  Center 


Objectives;   Previously  (NHLI  181  and  182)  we  found  that  a  toxic 
metabolite  of  the  clinically  important  diuretic  furosemide  produced 
hepatic  necrosis  in  mice  by  covalent  binding  with  vital  tissue  macro- 
molecules.  An  unexplained  dose  threshold  for  toxicity  was  observed  and 
further  investigation  of  this  phenomena  has  been  undertaken  on  the  premise 
that  by  understanding  the  dose  threshold  we  could  better  assess  the 
possibility  that  patients  might  receive  toxic  amounts  of  drug. 

Concurrently  the  mechanism  by  which  furosemide  is  activated  to  a  toxic 
metabolite  has  been  investigated.   A  recent  report  that  carcinogenic  and 
hepatotoxic  dihydrofuran  aflatoxins  are  activated  by  epoxidation   (Swenson, 
D.  H.  et  aJ^. ,  Biochem  Biophys  Res.  Commun.   53:  242,  1972)  raised  the 
possibility  that  the  furan  ring  of  furosemide  is  similarly  activated. 
Furthermore,  the  more  general  question  of  whether  all  furan  and  furan- 
analogues  are  capable  of  metabolic  activation  requires  an  answer  since  it  is 
important  to  know  whether  furan  containing  compounds  pose  a  general  hazard 
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to  man.  This  possibility  is  suggested  by  recent  reports  that  furan 
containing  compovinds  isolated  from  moldy  sweet  potatoes  can  selectively 
cause  lung -damage  and  pulmonary  edema  (Wilson,  B.  J.  et  al . ,  Nature 
231:  52,  1971)  in  animals.  Finally,  it  is  known  that  thiophene  derivatives 
such  as  cephaloridine  amcephalothin^hich  contain  S  instead  of  oxygen  in 
the  five  membered  ring)  produce  hepatotoxicity  in  humans. 

Methods  Employed;   For  in  vivo  studies  of  tissue  toxicity  mice  and 
rats  were  injected  intraperitoneally  with  up  to  1X>50  doses  of  various 
fxiran  derivatives.  Other  groij^js  of  animals  were  pretreated  with  inducers 
(phenobarbital  or  2-methylcholanthrene)  or  inhibitors  (piperonyl  butoxide 
and  cobalt  chloride)  of  drug  metabolism  before  injection  of  test  drug  as 
previously  described  (NHLI  -  181) .   Liver,  kidney  and  lung  sections  were 
made  from  einimals  sacrificed  24  hours  later  and  evaluated  histologically. 

In  studies  of  the  threshold  of  furosemide  toxicity,  in  vivo  covalent 
binding,  metabolism  of  furosemide  and  plasma  binding  were  determined  as 
previously  described  (NHLI  -  181) .   Identification  of  the  binding  site  of 
furosemide  was  done  by  comparing  the  covalent  binding  of  sulfur-labelled 
furosemide  and  H-furan-labelled  furosemide  following  hydrolysis  of  the 
carbon-nitrogen  bond  under  mild  acid  conditions. 

Major  Findings;   Studies  on  the  dose  threshold  for  furosemide-induced 
hepatotoxicity  provided  an  explanation  for  this  phenomemon.  No  covalent 
binding,  necrosis  or  significeint  amounts  of  metabolism  occurred  in  mice 
until  a  dose  of  100  mg/kg  was  exceeded.  Thus  there  was  a  threshold  for 
metabolism.   Studies  on  the  metabolism,  distribution  and  reversible  plasma 
protein  binding  after  non-toxic  eind  toxic  doses  indicated  that  the  dose 
threshold  for  metabolism,  irreversible  hepatic  covalent  binding,  and 
necrosis  resulted  from  a  saturation  of  the  organic  anionic  binding  sites 
on  plasma  proteins  after  toxic  doses  of  furosemide.   It  is  possible  that 
saturation  of  renal  excretion  of  furosemide  also  contributed  to  the  dis- 
proportionately increased  concentrations.  For  instance  after  a  non-toxic 
i.p,  dose  of  80  mg/kg  the  concentration  of  furosemide  in  plasma  is  80  mg/ml 
and  that  in  liver  exceeds  40  mg/gm.   In  contrast,  after  a  toxic  dose  of 
400  mg/kg,  the  plasma  concentration  is  proportional  dose  (400  mg/ml)  but 
the  liver  concentration  exceeds  1200  mg/gm  reflecting  an  extremely  dis- 
proportionate increase  with  dose.   Consequently  far  more  furosemide  is 
available  for  metabolism  as  reversible  plasma  protein  binding  (93%  at 
very  low  dose's;  becomes  saturated  with  increasing  doses. 

Presumably,  the  metabolic  activation  of  furosemide  that  is  available  to 
the  liver  occurs  by  epoxidation  of  the  furan  ring.   Furosemide  (N-(2'- 
furylmethyl)-4-chloro-5-sulfamoylanthranilic)  radiolabeled  with  tritium  in 
its  furan  moiety  was  bound  covalently  to  the  same?,  extent  as  furosemide 
radiolabelled  specifically  with  35s  in  its  sulfoi:im.lde  roiety,  domonstratin? 
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that  the  bound  metabolite  contained  both  parts  of  the  furosemide  molecule. 
To  determine  which  part  of  the  molecule  was  attached  to  protein,  the 
metabolite-protein  conjugates  were  isolated  from  the  liver  and  hvdrolyzed 
under  conditions  that  split  furosemide  into  its  methyfuran  and  sulfamoyl- 
anthiamidic  acid  portions.   The  binding  of  furan-radiolcibeled  furosemide 
to  protein  was  unchanged  whereas  the  binding  of   S-labeled  furosemide  was 
lost.   Thus,  the  meteJaolic  activation  of  furosemide  must  have  occurred 
on  the  fur  an  ring. 

Results  of  investigations  on  the  hepatotoxicity  of  structural 
analogues  of  furosemide  in  mice  provides  further  support  for  the  concept 
that  the  tissue  toxicity  is  caused  by  the  furan  moiety.   For  instance, 
furan  itself,  2-acetylfuran,  2-ethylfuroate,  2-furfurol,  2,3-benzofuran, 
2,3,4,5-dibenzofuran,  2-furamide  and  thiophene  all  produce  hepatic  lesions 
similar  to  that  cavised  by  furosemide:  2-furamide  at  doses  as  low  as  100 
mg/kg  produces  reproducibly  hepatic  necrosis. 

Tissue  necrosis  was  not  limited  to  the  liver.   Furan  and  2,3-benzofuran 
also  caused  toxic  lesions  in  the  kidney  as  well  as  in  the  liver  and  2- 
furoic  acid  produced  nephrotoxicity  but  no  hepatotoxicity.   Furan,  2- 
methylfuran,  furamide  and  thiophene  all  produced  varying  degrees  of  lung 
damage  at  high  doses  (=  300  mg/kg) . 

Moreover,  pretreatment  of  animals  with  inducers  or  inhibitors  of 
drug  metabolism  frequently  changed  the  location  of  toxicity  within  an 
organ  or  even  from  one  organ  to  another  as  well  as  varibly  affecting  the 
degree  of  damage.   For  example,  furosemide  caused  renal  but  not  hepatic 
necrosis  in  untreated  male  rats  but  produces  hepatic  rather  than  renal 
necrosis  after  pretreatment  of  rats  with  3-methylcholenthrene.   In  mice, 
phenobarbital  appeared  to  potentiate  the  hepatotoxicity  of  furosemide  and 
shift  the  zone  of  necrosis  produced  by  furosemide  and  furan  from  midzonal 
to  centrilobular  whereas  piperonyl  butoxide  prevented  the  nephrotoxicity 
of  furan  without  affecting  the  liver  necrosis.   The  precise  relationships 
of  the  metabolism  of  each  furan  to  tissue  toxicity  is  therefore  not  clear 
at  this  time  but  it  is  probable  that  metabolism  is  responsible  for  the 
tissue  toxicity  of  these  deverse  furans  as  well  as  that  of  furosemide. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  relevance  of  the  animal  studies  to  the  clinical  use  of  therapeutic 
doses  of  furosemide  are  uncertain.   Furosemide  is  contraindicated  in 
pregnancy  because  of  its  recognized  teratogenic  potential.   Furthermore, 
it  has  been  reported  to  potentiate  nephrotoxicity  when  used  in  combination 
with  cephaloridine.   But  the  drug  apparently  is  not  hepatotoxic  at  the 
usual  therapeutic  doses  (400-600  mg/day) ,  because  extensive  clinical 
experience  with  furosemide  has  not  resulted  in  reports  of  liver  damage. 
However,  the  enzyme  pathway  responsible  for  the  formation  of  a  toxic 
metabolite  of  furosemide  is  apparently  present  in  humans  because  cadaver 
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liver  microsomes ,  similar  to  mouse  liver  microsomes ,  can  convert  furosemide 
to  an  arylating  metabolite.   It  seems  possible,  therefore,  that  the 
remarkable  safety  from  liver  damage  after  low  therapeutic  doses  of 
furosemide  may  result  from  the  presence  in  humans  of  a  dose-threshold 
phenomenon  similar  to  that  found  in  mice.   If  this  is  so,  then  the 
tissue  concentrations  of  furosemide  in  patients  with  renal  failure 
probably  are  much  greater  in  relation  to  the  furosemide  doses,  since 
furosemide  is  eliminated  from  the  body  primarily  by  renal  excretion  of  the 
unchanged  drug.   In  addition,  patients  with  chronic  renal  failure  often 
have  decreased  concentrations  of  plasma  proteins ,  making  more  free 
(nonbound)  furosemide  available  to  the  liver  for  metabolism.   Finally, 
it  should  be  noted  that  large  doses  of  furosemide  (e.g.,  45-90  mgAg/day 
i.v.)  are  currently  being  used  to  treat  patients  with  acute  and  chronic 
renal  failure.   For  these  reasons  the  continued  use  of  such  large  doses 
of  furosemide  is  questionable  until  the  safety  of  this  regimen  has  been 
adequately  examined. 

The  findings  of  wide  ranging  tissue  toxicities  after  furan  and  furan 
analogues  has  the  obvious  clinical  implication  that  compounds  containing 
this  groi^  must  be  ceirefully  evaluated  for  potential  damage  to  the  ki,dney, 
lung  and  liver. 

Proposed  Coiirse  of  Project;   Firstly,  the  biochemical  mechanism  of 
metabolic  activation  of  furans  will  be  further  investigated  using  radio- 
labeled compounds.  Secondly,  the  known  and  possible  toxicities  of 
important  furan  containing  drugs  to  the  kidney  and  lung  will  be  assessed. 

Honors  and  Awards:  None 

Publications:   Mitchell,  J.R.  and  Jollow,  D.J.:   Metabolic  Activation  of 
drugs  to  toxic  substances.   Gastroenterology,  in  press. 
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Project  Description: 

Objectives:   Isoniazid  and  iproniazid  can  produce  hepatitis  in  man. 
Iproniazid  was  removed  from  the  market  because  of  its  hepatotoxicity  and 
isoniazid  induced  hepatitis  has  become  a  serious  clinical  problem.   In 
previous  investigations  we  suggested  that  the  mechanism  of  toxicity  of 
isoniazid  involved  its  metabolic  conversion  to  an  alkylating  intermediate 
which  bound  covalently  to  tissue  macromolecules  (NHLI-189) .  We  have 
subsequently  londertaken  clinical  and  animal  studies  to  explore  this 
mechanism  of  isoniazid  and  iproniazid-induced  hepatotoxicity. 

Methods  Employed:  In  our  clinical  studies,  servim  SGOT ,  bilirubin  and 
6  hr  isoniazid  plasma  concentration  (to  determine  acetylatiton  phenotype) 
were  determined  on  250  ^tients  on  chronic  isoniazid.  In  a  second  retro- 
spective study,  records  of  224  patients  were  examined  for  biochemical  and 
clinical  data.  In  the  third  clinical  study,  the  acetylation  phenotypes  of 
patients  who  had  been  diagnosed  as  having  isoniazid  hepatitis  were  deter- 
mined using  the  standard  sulfamethazine  method. 

In  animal  studies  acetylisoniazid  and  isopropylisoniazid  (iproniazid) 
were  injected  intrapertoneally  using  up  to  LD  50  doses .  Livers  were 
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excised  and  examined  histologically.  Other  groups  of  animals  were 
pretreated  with  phenobarbital  to  stimiilate  drug  metabolism  or  with  cobalt 
chloride,  aminotriazole  or  piperonyl  butoxide  to  inhibit 
it  before  injecting  the  acetylisoniazid  or  iproniazid.   Bis-p-nitrophenyl 
phosphate  (BNPP)  was  administered  before  the  test  drugs  to  investigate 
the  effects  of  inhibiting  their  deacetylation. 

In  further  histologic  studies  acetylhydrazine  and  isopropyl 
hydrazine  were  injected  into  either  untreated  or  pretreated  rats.  Livers 
were  examined  for  signs  of  toxicity.  Other  hydrazines  were  also  administered 
to  see  if  they  caused  liver  necrosis. 

In  metabolic  studies  rats  were  injected  i.p.  with  either  carbonyl- 
-'•'♦C  isoniazid  or  %  (  G  )  acetyl  isoniazid,.   Some  animals  were  pretreated 
with  phenobarbital  or  BNPP  before  the  injection  of  the  drug.  Urine  was 
collected  over  a  U8  hour  period  and  analyzed  by  quantitative  radio 
chromatography.  Radioactive  peaks  were  identified  by  their  Rf  values,  co- 
chromatography  of  urine  with  authentic  standards  and  color  reactions  with 
spray  reagents. 

The  in  vivo  covalent  binding  of  AcINH  to  liver  macromolecules 
was  measured  in  rats  using  rH-ring  labelled  AcINH  and   C-Ac  INH  (prepared 
by  reacting  cold  INH  with   C-acetylchloride) .  Pretreatments  used  in 
histological  investigations  were  used  to  alter  covalent  binding.  Covalent 
binding  was  measured  as.   previously  described  for  acetaminophen  and 
f\irosemide  (see  1973  annual  report). 

Major  Findings:   In  the  prospective  study,  the  rate  of  isoniazid 
metabolism  and  monthly  analysis  of  liver  function  tests  (SGOT,  bilirubin) 
were  determined  in  Ilk   patients  receiving  INH  for  1  year.  About  20^ 
showed  abnormal  SGOT  or  bilirubin  values  which  subsided  while  the  patients 
continued  to  take  isoniazid.  There  was  no  correlation  between  patients 
that  acetylated  INH  slowly  ajid  those  that  had  abnormal  liver  function 
tests.  No  anti-isoniazid  antibodies  were  found  and  no  correlation  was 
seen  between  hepatic  injury  and  antinuclear  antibodies  measured  at  the 
end  of  the  study. 

Some  important  findings  from  the  retrospective  analysis  of  22it 
patients  with  isoniazid-related  hepatic  injury  were:  l)  isoniazid-related 
liver  injury  was  indistinguishable  biochemically  (SGOT,  bilirubin,  alkaline 
phosphatase)  and  morphologically  from  iproniazid-induced  liver  damage  or 
from  other  causes  of  acute  hepatocellular  injury  such  as  viral  hepatitis; 
2)  no  clinical  evidence  for  a  hypers enr it ivity  mechanism  was  apparent;  3) 
about  kO%   of  the  patients  with  hepatic  reactions  were  residents  of  Honolulu 
and  of  Oriental  ancestry  —  accordingly  ,  as  many  as  907o   o-f  this  group 
wo\ild  be  expected  genetically  to  be  fast  acetylntors  o  '  isoniazid. 

In  the  third  clinical  study,  90^  (l9)  of  21  patients  with  apparent 
isoniazid  hepatitis  were  found  to  be  rapid  acetylators  whereas  the  expected' 
distribution  of  rapid  acetylators  (for  this  popvilation)  is  k^%.     Therefore 
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there  is  a  positive  correlation  between  rapid  acetylator  phenotype  and 
occurrence  of  isoniazid  related  hepatitis. 

For  this  reason  acetyl  isoniazid  (AcINH)  and  isopropyl  isoniazid 
(ipINH)  (iproniazid)  were  administered  to  animals.  Both  compounds 
produced  rare,  scattered  single  cell  necrosis  in  normal  rats  and  mice 
after  high  doses  (15OO  g/kg  of  INH  and  500  mg/kg  of  IpINH),  but  after 
pretreatment  with  phenoharbital,  a  marked  hepatic  necrosis  occurred 
with  doses  of  the  isoniazid  analogs  above  100  mg/kg.  This  necrosis 
was  prevented  by  pretreatment  with  inhibitors  of  drug  metabolism  (cobaltous 
chloride,  aminotriazole  and  piperonyl  butoxide).  Pretreatment  with 
bis-p-nitrophenyl  phosphate,  (BNPP)  which  blocks  the  deacetylation  of 
AcINH,  also  prevented  the  hepatic  necrosis.  Hepatic  necrosis  was  not 
produced  by  isoniazid  in  normal  or  phenobarbital  pretreated  rats  even 
after  lethal  doses  (200  mg/kg). 

Acetylhydrazine  (lOO  mg/kg)  and  isopropylhydrazine  (30  mg/kg)  (known 
in  vivo  hydrolysis  products  of  AcINH  and  IpINA)  caused  some  liver  necrosis 
in  rats.  After  pretreatment  of  rats  with  phenobarbital  however,  marked 
necrosis  occurred  after  low  doses  of  isopropylhydrazine  (15  mg/kg)  or 
acetylhydrazine  (30  mg/kg).  Pretreatment  with  piperonyl  butoxide, 
cobaltous  chloride,  alpha-naphthylisothiocyanate  and  aminotriazole,  all 
inhibitors  of  drug  metabolism,  prevented  both  AcHz  and  IpHz-induced  hepatic 
necrosis.  Pretreatment  with  BNPP,  the  deacetylase  inhibitor,  had  no 
effect  on  the  liver  damage  produced  by  AcHz.  LD50  doese  of  hydrazine, 
methyl  hydrazine,  ethylhydrazine  and  n-propylhydrazine  produced  only  rare 
single  cell  necrosis. 

After  administration  of   C-isoniazid  to  rats  (lO  mg/kg)  6  metabolites 
were  detected  and  identified,  namely:  unchanged  isoniazid  (l^),  isonicotinic 
acid  (26%),   isonicotinyl  glycine  (8^),  acetylisoniazid  (55^),  a-ketoglutarate 
isonicotinic  acid  hydrazone  (k%) ;   and  pyruvate  isonicotinic  acid  hydrazone 
(1^).  After  high  doses  (300  mg/kg)  less  acetylisoniazid  (26!?)  was  excreted 
but  more  isonicotinic  acid  (31%),   unchanged  isoniazid  (6%),    and  isonicotinic 
acid  hydrozone  6%  and  pyruvate  isonicotinic  acid  hydrazone  10%.   Phenobarbital 
and  glycine  conjugate  pretreatment  did  not  affect  the  urinary  metabolites 
whereas  phenobarbital  plus  BNPP  pretreatment  markedly  decreased  the 
excretion  of  isonicotinic  acid  (from  26%  to  15%)  and  consistantly  increased 
the  excretion  of  acetyl  isoniazid. 

■^H-acetvlisoniazid  (600  mg/kg)  was  partly  metabolized  to  isonicotinic 
acid  (24%)  and  isonicotinyl  glycine  (6%)  but  most  was  excreted  as  unchanged 
acetylisoniazid  (68%) .  No  INH  or  hydrazone  were  detected  after  injecting 
AcINH.  Phenobarbital  pretreatment  alone  had  no  effect  on  the  pattern  of 
metabolites  but  when  combined  with  BNPP  pretreatment  it  reduced  bio- 
transformation to  isonicotinic  acid  and  isonicotinyl  glycine.   Comparison 
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of  metabolites  after  isoniazid  and  acetylisoniazid  indicates  that  the 
majority  of  the  isonicotinic  acid  arises  by  hydrolysis  of  acetyl  isoniazid 
and  only  a  little  arises  from  isoniazid. 

The  combined  histologic  and  metabolic  studies  in  rats  indicate  that 
isoniazid  must  first  be  acetylated  then,  as  acetylisoniazid,  metabolically 
activated  to  an  intermediate  which  causes  hepatic  necrosis.  As  further 
proof  that  acetylisoniazid  is  converted  in  the  body  to  a  chemically  reactive 
metabolite  it  was  found  that  following  administration  of  hepatotoxic 
doses  of  -'-^C-acetyl-labeled  isoniazid  (400  mgAg)  large  amounts  of  radio- 
labeled material  (0.5  nmole/mg  protein)  were  covalently  bound  to  liver. 
Covalent  binding  was  proportional  to  dose.   It  was  increased  by  pretreatment 
with  phenobarbital  and  was  markedly  decreased  by  pretreatment  with  cobaltous 
chloride  or  aminotriazole.  After  administration  of  ^n-ring-labelled 
acetylisoniazid,  however,  no  covalent  binding  occurred  indicating  that  the 
reactive  metabolite  came  only  from  the  acetyhydrazine  moiety. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
The  combination  of  clinical  and  animal  studies  suggest  certain  conclusions . 
Thus,  metabolic  activation  of  the  liberated  hydrazines  satisf actively 
accounts  for  the  hepatic  necrosis  produced  by  isoniazid,  acetylisoniazid 
and  isopropylisoniazid  in  animals.  A  possible  ejcplanation,  therefore,  is 
provided  for  the  increased  incidence  of  isoniazid  hepatitis  in  humans 
with  fast  acetylator  phenotype,  since  human  fast  acetylators  of  isoniazid 
produce  more  acetyhydrazine  than  do  slow  acetylators. 

Proposed  Course  of  Project;   In  view  of  the  clinical  implications,  it 
should  be  noted  that  this  work  at  present  is  only  a  hypothesis  for  the 
mechanism  of  isoniazid  hepatitis  in  humans,   confirmation  must  await  more 
definitive  metabolic  studies  in  patients  which  are  underway. 

Honors  and  Awards:   None 

Publications:   Mitchell,  J.R.  and  Jollow,  D.J.:   Role  of  metabolic 

activation  in  chemical  carcinogenesis  and  in  drug-induced 
hepatic  injury,  International  Conference  on  Liver  Diseases; 
Drugs  and  the  Liver,  Freiburg,  Germany,  Oct.,  1973,  in 
press. 
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Acetaminophen-induced  liver  necrosis:   Relationship 
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Previous  Serial  Number:  None 


Principal  Investigators ; 

Other  Investigator: 
Cooperating  Unit: 
Project  Description: 


Dr.  David  J.  Jollow 
Dr.  Snorri  Thorgeirsson 
Dr.  Wm.  Z.  Potter 
Dr.  Jerry  R.  Mitchell 

Mr.  George  Corcoran 

None 


Objectives:   Previous  studies  have  shown  that  the  hepatic  necrosis  produced 
in  animals  by  large  doses  of  acetaminophen  is  caused  by  a  toxic  arvlating 
metabolite  which  reacts  preferentially  with  endogenous  hepatic  glutathione. 
Other  studies  have  demonstrated  that  the  hepatotoxicity  of  acetaminophen  in 
animals  may  be  modulated  by  various  pretreatments  which  alter  the  activity  of 
the  hepatic  cytochrome  P-U50-dependent  drug  metabolizing  enzymes.  The 
present  studies  were  vindertaken  to  determine  whether  estimation  of  the  mer- 
capturic  acid  metabolite  of  acetaminophen  could  be  used  as  an  index  of  the 
activity  of  metabolic  pathways  leading  to  the  formation  of  the  toxic  metabo- 
lite of  acetaminophen. 

Methods  Employed:   Hamsters,  mice  and  rats  were  pretreated  with  saline 
(0.9""ml,  i.p.  daily,  for  3  days)  piperonyl  butoxide  (l  ml/kg,  i.p.,  30  min 
before  acetaminophen),  3-methylcholanthrene  (20  mg/kg,  i.p.,  daily  for  2  days) 
or  phenobarbital  (80  mg/kg,  i.p.,  daily  for  3  days).   The  animals  then  received 
various  doses  of  ^H-acetaminophen ,  ranging  from  nontoxic  (25,50  or  100  mg/kg) 
to  toxic  (200-1200  mg/kg).   Urinary  metabolites  were  collected  over  dry  ice 
for  2U  hr  and  subsequently  fractionated  by  thin  layer  chromatography. 

Major  Findings:   The  major  urinary  metabolites  found  in  all  species 
after  the  administration  of  acetaminophen  were  the  glucuronide  and  sulfate 
conjugate,  both  linked  through  the  p-hydroxy  group.   Free  acetaminophen  also 
appeared  in  the  urine.  Acetaminophen-mercapturic  acid  was  isolated  from  the 
urine  and  characterized  by  mass  spectrometry. 
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The  extent  of  conversion  of  acetaminophen  to  the  mercapturic  acid 
metabolite  after  low  (nontoxic)  doses  of  the  drug  correlated  with  the 
susceptahility  of  the  animal  to  acetaminophen-induced  liver  necrosis . 
Thus,  hamsters  and  mice,  the  most  susceptable  species,  metabolize  12-15^ 
of  the  dose  of  acetaminophen  via  this  pathway  whereas  rats,  which  are 
relatively  resistant  to  acetaminophen-induced  necrosis,  metabolize  only  about 
3^  of  the  dose  of  driog  to  the  mercapturic  acid.  Further  pretreatments  which 
increase  ( 3-methylcholanthrene )  or  decrease  (piperonyl  butoxide)  susceptabil- 
ity  to  the  dmg-induced  liver  damage  have  a  parallel  effect  on  the  activity 
of  this  pathway  in  vivo. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute : 
The  present  studies  have  defined  the  metabolic  disposition  of  acetaminophen 
after  nontoxic  and  toxic  doses  of  the  drug  and  have  described  the  relationship 
between  mercapturic  and  formation  and  the  hepatotoxicity  of  the  drug.   It  is 
apparent  that  the  extent  of  conversion  of  a  nontoxic  dose  of  acetaminophen  to 
the  urinary  mercapturate  derivative  may  be  used  to  predict  the  susceptability 
of  the  animal  to  acetaminophen-induced  liver  necrosis. 

Proposed  Course  of  Project:  These  studies  will  be  continued  to  identify 
the  hepatotoxic  metabolite  of  acetaminophen. 

Honors  and  Awards:  None 

Publication : 

Potter,  W.Z.,  Thorgelrsson,  S.S.,  Jollow,  D.J.  and  Mitchell,  J.R.: 
Acetaminophen-induced  hepatic  necrosis.  V.  Correlation  of  hepatic 
necrosis,  covalent  binding  and  glutathione  depletion  in  hamsters. 
Pharmacology,  in  press. 
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Project  Title:   Acetaminophen-induced  necrosis:   N-Hydroxylation 
of  acetanilide  analogues  in_  vitro 

Previous  Serial  Kumher:   None 

Principal  Investigators:   Dr.  Jack  A.  Hinson 
Dr.  David  J.  Jollow 
Dr.  Jerry  R.  Mitchell 

Other  Investigators:      None 

Cooperating  Unit:         Dr.  Hinson  holds  an  NHLI  Postdoctoral 
Fellowship . 

Project  Description: 

Ohj actives :   Previous  studies  (NHLI-U5)  have  shown  that  the  toxic  metabo- 
lite of  acetaminophen  arises  during  metabolism  of  the  drug  in  the  liver  by  a 
cytochrome  P-i+50-dependent  mixed  function  oxidase.   Since  the  hepatotoxicity 
of  another  N-acetylarylamine ,  2-acetylaminofluorene  (2-AAF),  is  known  to  be 
mediated  through  a  metabolic  conversion  in  vivo  to  its  N-hydroxy  derivative, 
we  examined  the  nature  of  this  metabolic  pathway  and  demonstrated  that  the 
N-hydroxylation  of  2-AAF  was  also  mediated  by  a  hepatic  cytochrome  P-1+50- 
dependent  mixed  function  oxidase  (NHLI-U9),   Hence  we  have  \indertaken  the 
synthesis  of  the  N-hydroxy  derivatives  of  acetaminophen  and  a  variety  of  re- 
lated N-acetylanilide  analogues.   In  addition,  we  have  examined  the  capacity 
of  hepatic  microsomes  to  N-hydroxylate  acetaminophen  and  the  other  related 
analogues . 

Methods  Employed:   N-Hydroxyacetanilide  derivatives  were  synthesized 
from  the  corresponding  nitroso  benzene  analogues  in  two  steps:   a)  reduction 
to  the  phenylhydroxylamine  derivative  by  zinc  dust  in  the  presence  of 
ammonium  chloride,  and  b)  acetylation  of  the  phenylhydroxylamine  derivative 
by  acetyl  chloride  in  the  presence  of  sodium  bicarbonate.   -'-^C-Acetyl 
chloride  was  used  to  synthesize  the  acetyl-l'+C-labeled  derivative  by  a  micro- 
modification  of  the  procedure.   Microsomes  were  isolated  from  hamsters  by 
standard  procedures.  All  other  methods  were  standard  procedures. 

Major  Findings:   The  N-hydroxy  derivatives  of  acetanilide  and  p-chloro- 
acetanilide  were  synthesized  and  isolated.   Proof  of  structure  was  obtained 
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"by  chemical  ionization  mass  spectroscopy  and  NMR  spectroscopy.  The  N-hydroxy 
derivative  of  acetaminophen  was  synthesized  but  proved  to  be  chemically  very 
reactive;  the  compound  degraded  rapidly  and  co\ild  not  be  isolated. 

Incubation  of  p-chloroacetanilide  with  hamster  microsomes  led  t«  the 
formation  of  N-hydroxy-p-chloroacetanilide .  Proof  of  structure  of  the  re- 
action product  was  obtained  by  chemical  ionization  mass  spectroscopy;  the 
isolated  material  was  identical  to  the  chemically  synthesized  standard  in 
that  it  showed  the  parent  ion  (M  +  l)  at  I86/I88  and  the  ready  dehydration 
of  the  N-hydroxy  group  from  the  parent  molecule  (M  168/ITO).  Dehydration 
under  these  conditions  is  characteristic  of  N-OH  groups  and  clearly  dist- 
tinguishes  the  N-hydroxy  derivative  from  the  isomeric  phenols. 

A  quantitative  assay  involving  solvent  extraction  and  thin  layer  chroma- 
tography hfis  been  developed.  The  validity  of  this  assay  was  established  by 
an  isotope  dilution  technique. 

The  microsomal-catalyzed  conversion  of  p-chloroacetanilide  to  N-hydroxy- 
p-chloroacetanilide  is  dependent  on  NADPH  and  molecular  O2  and  is  inhibited 
by  carbon  monoxide-oxygen  atmosphere  indicating  the  involvement  of  the  cyto- 
chrome P-U50  drug  metabolizing  enzymes.  Sodium  fluoride  significantly  in- 
creased the  yield  of  the  hydroxamic  acid. 

Pretreatment  of  the  hamsters  with  3-methylcholanthrene  markedly  induced 
the  rate  of  N-hydroxylation  of  p-chloroacetanilide  in  vitro  by  the  isolated 
hepatic  microsomal  fraction.  Similarly,  piperonyl  butoxide  markedly  inhibited 
the  reaction.  Phenobarbital  pretreatment  did  not  affect  this  activity. 

Similar  microsomal  studies  using  acetaminophen  as  substrate  has  failed  to 
lead  to  the  isolation  of  the  corresponding  N-hydroxy  derivative.  It  is 
possible  that  the  failure  to  isolate  N-hydroxy  acetaminophen  is  due  to  the 
high  chemical  reactivity  of  the  compound,  as  shown  in  the  synthetic  studies. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  present  studies  demonstrate  that  close  structural  analogues  of  acetamino- 
phen undergo  metabolic  conversion  to  N-hydroxy  derivatives.  The  reaction, 
catalyzed  by  the  microsomal  fraction  of  hamster  liver,  is  markedly  induced 
by  3-methylcholanthrene  and  inhibited  by  piperonyl  butoxide.  The  data  are 
consistent  with  the  proposal  that  N-hydroxy  acetaminophen  is  the  toxic  metabo- 
lite which  causes  liver  necrosis. 

Honors  and  Awards :  None 

Publication : 

Mitchell,  J.R.  and  Jollow,  D.J.:   Biochemical  basis  for  drug-induced 
hepatotoxicity.   International  Symposoum  on  Hepatotoxicity,  Tel  Aviv, 
Israel,  March  1973.   Israel  J.  Med.  Sci.,  in  press. 
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Project  Title:  Antagonism  and  potentiation  by  various  drugs  of  • 

the  toxic  effects  of  1,1 '-dime thy 1-4,4'- 
dipyridylium  dichloride  (Paraquat)  in  the  rat 

Previous  Serial  Number:    NHLI-192 

Principal  Investigators:   Dr.  Harriet  M.  Maling 

Dr.  Elise  Ann  Brandenburger  Brown 
Dr.  James  R.  Gillette 

Other  Investigators:      Mrs.  Martha  A.  Williams 
Mr.  Wilford  Saul 

Cooperating  Unit:         Dr.  Brown  is  associated  with  the  Pulmonary 
Branch,  NHLI . 

Project  Description: 

Objectives:   During  the  past  ten  years,  the  herbicide  paraquat  has 
caused  more  than  200  deaths,  both  suicidal  and  accidental.   Death  results 
from  pulmonary  damage.   In  this  project,  we  are  searching  for  a  treatment 
for  paraquat  poisoning  in  rats.   Demonstration  of  a  satisfactory  treatment 
in  laboratory  animals  should  have  clinical  applications  in  the  treatment  of 
accidental  paraquat  poisonings  in  humans  and  should  also  give  insight  into 
the  mechanisms  responsible  for  the  development  of  pulmonary  edema. 

Methods  Employed;   Paraquat  is  injected  i.p.  into  rats,  usually  in  a 
dose  of  25  mg/kg.   Deaths  at  24  hrs  and  48  hrs  are  recorded.   The  survivors 
are  anesthetized  with  sodium  pentobarbital  and  the  lungs  removed,  trimmed, 
and  weighed.   The  lung  weights  and  gross  pathologic  grading  (0-4+)  are 
indices  of  the  pulmonary  edema  caused  by  the  herbicide.   The  grading  is 
visual,  by  the  following  criteria:   0,  normal  lungs;  +,  less  than  15%  of  the 
lungs  grossly  damaged;  ++,  15-40%  of  the  lungs  damaged;  +++,  40-75%  of  the 
lungs  damaged;  ++++,  more  than  75%  of  the  lungs  grossly  damaged. 

Drugs  being  tested  for  antagonism  of  paraquat-induced  pulmonale 
damage  were  injected  s.c.  or  administered  orally. 

Major  Findings:   Efforts  to  find  an  effective  treatment  for  paraquat 
poisoning  have  so  far  been  unsuccessful.   Pretreatment  with  dibenamine ,  by 
a  schedule  of  doses  that  we  previously  have  reported  to  be  effective  against 
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CCI4  hepatotoxicity  (Maling  et  al . ,  Toxicol.  Appl.  Pharmacol.  27;  380, 
1974),  failed  to  protect  rats  against  l4-day  mortality  after  paraquat, 
although  only  one  of  six  rats  pretreated  with  Dibenamine  died  within  48 
hr  after  20  mg/kg  paraquat,  in  contrast  to  5  of  6  rats  pretreated  with 
saline.  Treatment  with  Dibenamine  (25  mgAg  s.c.  0,  48  and  96  hr 
after  the  injection  of  paraquat)  failed  to  modify  either  48-hr  or  14-day 
mortality  of  paraquat.  Repeated  massive  doses  of  promethazine  (50  mg/kg 
s.c),  did  not  modify  paraquat  48-hr  mortality.  Repeated  doses  of  atropine 
sulfate  also  failed  to  reduce  the  mortality. 

There  was  a  trend  towards  lower  mortality  from  paraquat  in  rats  treated 
with  multiple  doses  of  d,l-propranolol  hydrochloride.  Thus,  pooled  data 
showed  that  18  of  48  rats  treated  with  propranolol  died  within  48  hr  after 
injection  of  20-40  mgAg  paraquat,  in  contrast  to  29  of  48  rats  receiving 
the  same  doses  of  paraquat  and  treated  with  saline.  Similarly,  there  was 
a  trend  towards  increased  mortality  in  rats  treated  with  1-isoproterenol. 
These  preliminary  findings  suggest  the  beta-adrenergic  activity  may  be 
involved  in  paraquat  toxicity  and  that  stimulation  of  beta-adrenergic 
activity  potentiates  the  lung  toxicity. 

It  has  recently  been  suggested  (Davies  and  Davies,  Fed.  Proc.   33;  228 
abs.,  1974)  that  the  lung  lesion  induced  by  paraquat  (Pq)  "is  due  to  the 
damaging  effects  of  superoxide  (Oj-)  generated  by  the  reduction  of  Pq  to  a 
radical  ion  (Pq)  in  the  presence  of  O2."  Since  the  production  of  superoxide 
is  catalyzed  by  the  enzyme  xanthine  oxidase,  we  have  tested  the  effects  of 
the  xanthine  oxidase  inhibitor,  allopurinol.  Treatment  of  12  rats  with 
allopurinol  (300  mgAg/day/p.o.  for  2  days)  did  not  modify  the  48-hr 
mortality. 

Significance  to  Biomedical  Research  and  the  program  of  the  Institute; 
This  project  may  lead  to  a  rational  treatment  of  paraquat  poisoning  in 
hvmiiuis.   It  should  increase  our  understanding  of  mechanisms  involved  in 
the  production  of  pulmonary  edema  from  veirious  causes. 

Proposed  Course  of  Project;   The  search  for  an  effective  treatment  of 
paraquat  poisoning  will  be  continued.   Drugs  vAiich  have  proved  effective 
against  peripheral  inflammation  will  be  tested.   Such  drugs  include 
inhibitors  of  responses  to  prostaglandins,  kinins,  histamine,  serotonin, 
acetylcholine,  and  other  agonists.  Substances  vrtiich  release  or  block  the 
release  of  endogenous  mediators  will  be  considered.  A  search  will  also  be 
made  for  an  organic  acid  which  may  increase  the  lipid  solubility  of  paraquat 
by  forming  an  ion  pair  and  thus  facilitate  the  removal  of  the  paraquat 
complex  from  the  Iving. 
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Honors  and  Awards:   None 

Publications:   Maling,  H.M.,  Webster,  M.E.,  Williams,  M.A.,  Saul,  W.  and 
Anderson,  W.  Jr.   Inflammation  induced  by  histamine, 
serotonin,  bradykinin  and  Compound  48/80  in  the  rat: 
Antagonists  and  mechanisms  of  action.   J.  Pharmacol.  Exper. 
Ther. ,  in  press. 

Ilett,  K.F.,  Stripp,  B.,  Menard,  R.H.,  Reid,  W.D.  and 
Gillette,  J.R.   Studies  on  the  mechanism  of  the  lung 
toxicity  of  paraquat:   Comparison  of  tissue  distribution 
and  some  biochemical  parameters  in  rats  and  rabbits.  Toxicol. 
Appl.  Pharmacol.,  in  press. 

Koppanyi,  T.  and  Maling,  H.M.   Temperature-dependent  toxicity 
of  adrenergic  agonists  in  mice  as  a  basis  for  treatment  of 
d-amphetamine  poisoning.   Proc.  Soc.  Exper.  Biol.  Med^^  144; 
575-580,  1973. 
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Project  Description: 

Objectives;   In  our  Annual  Report  for  1972-73,  we  reported  that 
pretreatment  of  rats  with  four  oral  doses  of  ethyl  alcohol  over  a  period 
of  two  days  potentiated  the  hepatotoxicity.  of  a  small  dose  of  CCl^,  as 
evaluated  by  plasma  glutamic-pyruvic  trsmsaminase  and  liver  triglyceride 
levels.  We  also  reported  that  this  pretreatment  with  ethyl  alcohol 
produced  changes  in  liver  microsomes  which  resembled  those  occurring 
after  pretreatment  with  a  large  dose  of  isopropemol  (Sipes  et  al. ,  Proc . 
Soc.  Exper.  Biol.  Med.   142:  237,  1973)  .   During  1973-74,  we  have  measured 
the  in  vivo  effects  of  pretreatment  with  ethyl  alcohol  on  CCl4-induced 
diene  conjugation,  levels  in  liver  of  CCl^  2md  its  metabolite  CHCI3,  and 
the  covalent  binding  of  a  small  dose  of  ^^CCl^  to  liver  protein  and   lipid. 

Methods  Employed;   Diene  conjugation  of  liver  microsomal  lipids  was 
measured  by  a  modification  of  the  method  described  by  Rao  and  Recknagel 
(Exp.  Mol.  Path.   9^:  271,  1968)  .   OCl^  smd  CHCl-  in  liver  were  extracted 
into  toluene  by  a  microdiffusion  process  and  measured  in  a  gas-liquid 
chromatograph  set  in  the  electron  capture  mode. 

Major  Findinga;  One  or  two  hours  after  the  administration  of  a  small 
dose  of  CCI4  (0.1  mgAg  =  1.0  m-mole/kg  i.p.)  ,  there  were  no  differences 
between  alcohol- pre treated  and  water-pretreated  rats  in  diene  conjugation 
of  liver  microsomal  lipids,  in  liver  levels  of  CCI4  and  its  metabolite 
CHCI3,  and  in  in  vivo  covalent  binding  of  ^^0014  to  liver  lipids  and  protein. 
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However,  6  and  24  hr  after  the  administration  of  the  samll  dose  of  ^^Cl., 
covalent  binding  of  the  labeled  compound  to  liver  lipids  eind  protein  was 
significantly  greater  in  alcohol-pretreated  rats  than  in  water-pre- 
treated  rats.   In  the  alcohol-pretreated  rats,  the  covalent  binding  to 
liver  protein  was  greatest  (89  n-mole  ^^OZl./q   liver)  at  6  hr>  this  level 
was  slightly  greater  than  that  previously  reported  at  2  hr  after  the 
administration  of  a  necrosis-producing  dose  of  -^^CCl^  (Haling  et  al. , 
Biochem.  Pharmacol.,  in  press) .   In  alcohol-pretreated  rats,  the 
covalent  binding  to  liver  protein  was  still  high  (59  n-mole   CCl./g  liver) 
at  24  hr.   In  contrast,  in  water-pretreated  rats,  the  highest  level  of 
covalent  binding  to  liver  protein  (49  n-mole  -'■'^CCl./g  liver)  was  measured 
at  two  hours  and  the  covalent  binding  decreased  with  time  to  a  level  of 
24  n-mole  ^'*CX:i4/g  liver  at  24  hr. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
This  study  gives  insight  into  the  mechanisms  responsible  for  the  potent- 
iation of  toxicity  of  CCl^  and  probably  other  industrial  solvents  in  persons 
with  a  recent  history  of  drinking.   This  animal  model  may  also  be  useful  in 
predicting  whether  a  drug  may  exhibit  increased  hepatotoxicity  in  persons 
who  have  recently  been  drinking. 

Proposed  Course  of  Project;   A  manuscript  is  now  in  preparation. 

Honors  and  Awards ;   None 

Publications;  None 


/6<^ 


Serial  no.    NHLI-48 

1.  chemical  Pharmacology 

2.  Physiology 

3.  Bethesda,  Md. 


PHS-NIH 
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July  1,  1973  through  June  30,  1974 

Project  Title:  Mechanisms  involved  in  the  protective  action  of 

dibenamine  pretreatment  against  the  hepato- 
toxicity  of  CCI4 

previous  Serial  Number:   NHLI-204 

principal  Investigators:  Dr.  Bitten  Stripp 

Dr.  Harriet  M.  Maling 

Other  Investigators:      Mr.  Wilford  Saul 
Mr.  John  George 

Project  Description: 

Objectives:  We  have  previously  reported  that  pretreatment  with 
dibenamine  hydrocloride  (25  mg/kg  s.c.  48  and  24  hr  before  CCl^)  protects 
rats  against  the  hepatotoxicity  of  CCI4.   In  this  project  we  consider 
possible  mechanisms  for  this  protection.  The  effects  of  dibenamine 
pretreatment  have  been  measured  on  various  parameters  of  the  liver 
microsomal  mixed  function  oxidase  system. 

Methods  Employed:   Standard  biochemical  methods  were  employed. 

Major  Findings:   Dibenamine  treatment  alone  impaired  moderately 
(44-62%)  the  N-demethylation  of  ethylmorphine  and  dimethylnitroseunine 
(DMN) .   Cytochrome  P-450  content  was  slightly  decreased  and  cytochrome  c 
reductase  activity  was  unaffected.  Ii^  vitro  covalent  binding  of  ^^CCI^ 
and  ^^C-DMN  was  also  reduced.  Kinetic  studies  of  ethylmorphine-N- 
demethylation  24  hr  after  the  last  dose  of  dibenamine  revealed  that  the 
inhibition  was  apparently  not  due  to  a  change  in  affinity  of  the  enzyme 
for  the  substrate,  but  rather  to  quantitative  changes  in  the  enzyme,  since 
the  apparent  %  was  unchanged  while  V^j^j  was  significantly  decreased. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
The  study  of  the  mechanisms  responsible  for  the  protective  action 'Of 
dibenamine  pretreatment  against  CCl^  may  give  clues  to  the  mechanisms 
responsible  for  the  hepatotoxicity  of  various  compounds.  This  project  ha?; 
provided  data' which  si^ports  the  hypothesis  that  covalent  binding  to 
liver  lipids  and  protein  is  largely  responsible  for  the  hepatotoxicity 
of  CCI4. 
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Proposed  Course  of  Project;   This  project  has  been  terminated. 

Honors  and  Awards:  None 

Pioblications :  Maling,  H.M. ,  Highman,  B.,  Williams,  M.A.,  Saul,  W.  Butler, 
W.M.  Jr.  and  Brodie,  B.B.   Reduction  by  pretreatment  with 
dibenamine  £n- (-2-chloroethyl)  dibenzylamine)  of  hepato- 
toxicity  induced  by  carbon  tetrachloride,  thioacetamide  or 
dimethylnitrosamine.   Toxicol.  Appl.  Pharmacol.   27; 
380-394,  1974. 

Maling,  H.M.,  Eichelbaum,  F.M.,  Saul,  W. ,  Sipes,  I.G., 
Brown,  E.A.B.  and  Gillette,  J.R.   The  nature  of  the  pro- 
tection against  CCl .-induced  hepatotoxicity  produced  by 
pretreatment  with  dibenamine  (|^N- (2-chloroethyl)  dibenzylaminej  , 
Biochem.  Pharmacol. ,  in  press. 

Stripp.  B.,  Sipes,  I.G.,  Maling,  H.M.  and  Gillette,  J.R. 
Dibenamine  impairment  of  rat  hepatic  microsomal  enzymes  and 
its  relation  to  hepatotoxicity  induced  by  CCl a   and  dimethyl- 
nitrosamine (DMN) .   Drug  Metabolism  and  Disposition,  in  press. 
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1.  chemical  Pharmacology 
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PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  Diene  conjugation  and  lipid  peroxidation  as  a 

mechanism  of  toxicity  to  liver  and  lung 

Previous  Serial  Number:  NHLI-205 

Principal  Investigators:  Dr.  Harriet  M.  Maling 

Other  Investigator:  Mr.  Wilford  Saul 

Cooperating  Unit;  None 

Project  Description: 

Objectives;   Lipoperoxidation  has  been  considered  to  be  a  major 
mechanism  responsible  for  the  hepatotoxicity  of  carbon  tetrachloride.  Diene 
conjugation  of  liver  microsomal  lipids  is  an  index  of  lipoperoxidation 
in  vivo.   In  this  project,  we  have  measured  diene  conjugation  of  liver 
emd  Iving  microsomal  lipids  isolated  from  rats  which  have  received  various 
treatments.  The  purpose  of  this  study  is  to  elucidate  the  role  of 
lipoperoxidation  in  toxicity  of  various  corapoxinds  to  the  liver  and  lungs. 

Methods  Employed:  Diene  conjugation  of  liver  microsomal  lipids  from 
liver  Or  lung  is  measured  by  a  modification  of  the  method  described  by 
Rao  and  Recknagel  (Exp.  Mol._Path.  £;  271,  1968). 

Major  Findings:   In  our  Annual  Report  for  1972-73,  we  reported  that 
pretreatment  with  dibenamine  decreased  both  diene  conjugation  of  liver 
microsomal  lipids  and  the  hepatotoxicity  induced  by  carbon  tetrachloride. 
We  also  reported  that  pretreatment  with  a  large  oral  dose  of  isopropancl 
potentiated  both  the  hepatotoxicity  and  the  diene  conjugation  of  liver 
microsomal  lipids  measured  after  a  small  dose  of  carbon  tetrachloride. 
During  the  past  year,  we  have  shown  that  pretreatment  with  pyrazole,  an 
inhibitor  of  alcohol  dehydrogenase,  and  a  large  oral  dose  of  ethyl  alcohol 
potentiated  the  diene  conjugation  induced  by  a  small  dose  of  carbon 
tetrachloride.   However,  CCl^-induced  conjugation  of  liver  microsomal 
lipids  does  not  always  correlate  with  the  hepatotoxicity.  Thus,  pretreatment 
with  four  large  oral  doses  of  ethyl  alcohol  potentiates  markedly  the 
hepatotoxicity  of  CCI4  without  increasing  the  diene  conjugation.  We  were 
also  surprised  that  diene  conjugation  of  liver  microsomal  lipids  could  be 
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demonstrated  only  after  the  administration  of  CCl  or  closely  related 
halogenated  hydrocarbons,  such  as  brombtrichloromethane.  Other 
hepatotoxic  compounds,  such  as  dime thy Initrosamine,  bromobenzene ,  or 
thioacetamide ,  failed  to  increase  diene  conjugation.   The  herbicide, 
paraquat,  which  causes  death  from  pulmonary  edema  and  fibrosis,  did  not 
produce  diene  conjugation  of  microsomal  lipids  isolated  from  either  the 
liver  or  lungs. 

Significance  to  Biomedical  Research  emd  the  Program  of  the  Institute; 
Our  findings  suggest  that  lipoperoxidation ,  as  measured  by  diene 
conjugation  of  liver  microsomal  lipids,  may  be  unique  to  CCl^  and  a  few 
closely  related  halogenated  hydrocarbons.   Lipoperoxidation  may  not 
contribute  to  the  toxicity  of  other  hepatotoxic  agents. 

Proposed  Course  of  Project;  A  manuscript  will  be  prepared. 

Honors  and  Awards:   None 

Publications:   None 
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Project  Title t  protective  role  of  Glutathione  in  halogenated 

alkane  toxicity 

Previous  Serial  Number:   None 

Principal  Investigators:   Dr.  Kdward  L.  Docks 
Dr.  Gopal  Krishna 

Other  Investigator:       Mrs.  Christine  McDaniel 

Cooperating  Unit:        Dr.  Docks  holds  a  post-doctoral  Fellowship 

project  Description: 

Objectives;  chloroform  is  a  knovm  hepatotoxic  and  nephrotoxic  agent. 
It  is  injested  by  humans  in  drug  preparations  and  consumer  items  such  as 
tooth  paste.  Recently,  it  has  been  reported  that  CHCI3  does  not  change 
liver  glutathione  (GSHO  levels  in  non- induced  rats,  but  depletes  it  in 
phenobarbital  pretreated  rats.  The  purpose  of  this  project  is  to  study 
the  mechanism  of  this  decrease,  with  respect  to  other  halogenated  alkanes. 

Methods  Employed;  Various  doses  of  several  halogenated  alkanes  were 
administered  intraperitonialy  to  rats.  Livers  and  kidneys  were  removed, 
fixed  in  buffered  formalin,  sectioned,  stained  with  hematoxylin-eosin,  and 
examined  for  pathological  tissue  abnormalities.  At  the  time  of  death,  GSH 
levels  in  various  tissues  were  measured.  Rats  were  also  pretreated  with 
various  inducers  of  the  mixed  function  oxidase  system  such  as,  phenobarbital, 
3-methylcholanthrene ,  acetone,  and  isopropanol  and  various  tissues  evaluated 
as  above.  Oxidized  GSH  iGSSG)  was  measured  by  the  method  of  Srivastava  and 
Beutler.  Bile  cannulations  were  performed  by  the  method  of  Sipes  euid 
Krishna.  After  the  cannula  was  in  place,  the  incision  was  closed,  the 
animals  were  allowed  to  recover  from  the  operative  anesthetic,  and  ■'•  c- 
chloroform  was  administered  intraperitonialy   Bile  was  collected  and 
assayed  for  radiolabeled  metabolites  as  described  by  Sipes  and  Krishna. 
(Bicchem.  Pharmacology  _23:  451,  1974). 

Major  Findings;   chloroform  administered  to  non-induced  male  rats  did 
npt  cause  a  depletion  in  liver  GSH  levels.   If  the  animals  were  pretreated 
with  pehnobarisital  prior  to  administration  of  CHCI3  liver  GSB  levels 
decreased  in  a  dose  related  manner.  Two  hours  after  CHCI3  administration 
to  phenobarbital  induced  rats  the  following  liver  GSH  values  were  foiind. 
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Dose   of  CHCI3  ml/kg  Liver  GSH    (pmoles/g) 

0  7.8 

0.1  6.4 

0.2  3.6 

0.4  1.8 

0.6  1.3 

0.8  0.5 

1.0  0.3 

Pretreatment  of  rats  with  other  known  inducers  of  drug  metabolism  such  as; 
3-methylcholanthrene,  acetone,  and  isopropSnol,  did  not  have  any  effect  on 
liver  GSH  levels  after  CHCl^  administration.   Other  halogenated  alkanes 
were  studied  in  control  and  phenobarbital  induced  animals.  These  compounds 
were  CCl^,  CH2CI2,  Cl^Br,  CHBr^,  CHI^,  CH,CC1   and  CDCl  .   Only  in  the  case 
of  CDCI3  was  liver  GSH  decreased  when  this  halogenated  alkane  was  given  to 
phenobarbital  pretreated  rats.  This  depletion  was  not  as  great  as  the 
depletion  seen  after  CHCl^  was  administered  to  pehnobarbital  pretreated 
rats.  This  could  imply  that  the  C-H  bond  is  important  for  the  GSH  depletion 
and  in  the  case  of  CDCl,  we  are  seeing  a  deuterixom  isotope  effect.   Mice  also 
showed  liver  GSH  depletion  in  phenobarbital  pretreated  animals  after  CHCI3 
was  administered. 

A  time  response  for  CSH  depletion  was  also  studied  at  a  C5iCl3  dose 
of  0.2  ml/kg  in  control  and  phenobarbital  induced  rats.   This  does  not 
cause  anesthesia.   At  various  times  the  livers  and  kidneys  were  also 
examined  histologically.  The  levels  of  liver  GSH  were  depleted  maximally 
within  one  hour  in  phenobarbital  induced  rats  and  returned  to  the  normal 
range  at  19.5  hours.   However,  GSH  levels  in  kidney  or  eye  lens  (a  tissue 
rich  in  GSH)  do  not  change  in  induced  animals  given  eHCl3.  This  implies 
that  a  metabolite  of  CHCI3  formed  in  significant  quantities  in  the  liver 
and  localized  there  is  responsible  for  the  GSH  depletion.   Slight  centrolobular 
liver  necrosis  appeared  at  2  and  4  hours  in  induced  rats  receiving  CHCI3. 
At  19.5  and  24  hours  massive  centrolobular  necrosis  was  evident  in  pheno- 
barbital pretreated  rats  administered  CHCI3.   In  contrast,  the  non-induced 
rats  did  not  develop  any  pathological  liver  abnormalities  at  this  CHCI3  dose. 
In  rats  which  developed  liver  necrosis  the  kidneys  appeared  normal  except 
for  proteinaceous  casts  in  the  tubules.   Non-induced  rats  given  0.8  ml/kg 
or  1  mlAg  CHCI3  did  not  develop  liver  necrosis  after  24  hours.   The 
pathological  findings  in  these  livers  consisted  of  acute  or  subacute 
inflammatory  abnormalities. 
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The  mechansim  of  liver  GSH  depletion  in  phenobarbital  rats  has  not 
been  elucidated.   It  does  not  appear  that  GSH  interacts  with  phenobarbital. 
If  aiCl3  is  administered  to  animals  30  minutes  or  2  hours  after  a  single 
dose  of  phenobarbital,  no  liver  GSH  depletion  is  observed.  When  the  liver 
GSH  has  been  depleted  in  induced  animals,  no  increase  in  oxidized  GSH 
(GSSG)  is  seen  in  liver,  whole  blood,  or  kidney.  Three  times  as  much 
radioactivity  is  found  in  bile  of  phenobarbital  pretreated  rats  given   c- 
chloroform  2  hours  previously,  as  is  excreted  into  bile  of  control  rats. 
paper  chromatography  containing  ninhydrin  positive  material  shows  one  major 
radioactive   peak.  The  possibility  that  a  CWCI3  -  GSH  conjugate  is  formed 
and   eliminated  is  currently  being  pursued  using  mass  spectrometry. 
Trimethylsiiyl  derivative  of  GSH  has  been  examined  by  mass  spectrometry. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
The  major  finding  reported  here  and  elsewhere  w^ls  that  phenobjurbital 
pretreated  rats  that  ^^^e  given  CHCI3  show  a  large  decrease  in  liver  GSH. 
The  function  of  glutathione  (GSH)  in  the  body  is  still  not  known.   In  our 
laboratory,  we  have  found  that  GSH  prevents  the  toxicity  of  both  bromo- 
benzene  and  acetirainophen.   It  now  appears  that  in  the  case  of  CHCI3,  GSH 
may  also  serve  a  protective  function  against  liver  damage.  Several  studies 
have  appeared  in  the  literature  reporting  that  a  limited  nuitdser  of  patients 
receiving  some  anesthetic  gases  have  developed  liver  necrosis.  Since  well 
over  200  agents  are  Jtnown  to  induce  cytochrome  P-450  enzymes  in  liver,  it 
is  possible  that  those  patients  in  which  the  anesthetic  agents  b&ose  liver 
necrosis  may  have  induced  drug  metabolizing  enzymes.  This  project  will  not 
only  help  us  to  elucidate  the  function  of  GSH,  but  may  serve  as  a  model 
system  for  aecz<^is  caused  by  various  other  anesthetic  agents. 

Proposed  Course  of  Project;   In  this  laboratory  it  has  been  reported 
that  the  role  of  covalent  binding  to  various  macromolecules  can  have  a 
very  significant  effect  on  toxicity.  In  conjunction  with  previous  studies, 
in  vivo  covalent  binding  of  ^'^CHCl^  will  be  measiired  and  compeared  to  GSH 
levels  in  liver,  and  liver  necrosis  in  control  and  phenobarbital  pretreated 
animals.   In  addition  the  mechanism  by  which  liver  GSH  levels  are  decreased 
in  phenobarbital  pretreated  rats  administered  CHCl,,  will  be  further  studied. 
The  isolation  of  01013  -  GSH  conjugate  will  be  further  attempted.  Also 

®H  synthesizing  enzmyes  will  be  measured  in  vivo  and  in  vitro.  If  the 
synthesis  of  GSH  is  blocked,  GSH  levels  wiTT  rapidly  decrease.  This  could 
be  more  significant  if  phenobarbital  increases  the  turnover  time  of  GSH. 

Other  halogenated  alkanes  and  especially  anesthetic  agents  will  also  be 
investigated  to  determine  whether  other  halogenated  alkanes  can  deplete 
liver  GSH  in  animals  induced  by  phenobarbital;  or  other  substances. 
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Honors  and  Awards;   None 

Publications:   Sipes,  I.G.,  Gigon,  P.L.  and  Krishna,  G. :  Biliary 

excretion  of  metabolites  of  bromobenzene .  Biochemical 
Pharmacology,  23_:  451-455,  1973. 

Ilett,  K.R. ,  Reid,  W.D.,  Sipes,  I.G.  and  Krishna,  G.: 
Chloroform  toxicity  in  mice:   Correlation  of  renal  and 
hepatic  necrosis  with  covalent  binding  of  metabolites  to 
tissue  macromolecules .  Exp.  and  Molec.  Pathology,  19: 
215-229,  1973. 
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PHS-NIH 
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July  1,  1973  through  June  30,  1974 

Project  Title:  Histochemical  method  for  localization  of  reduced 

glutathione  (GSH)  in  cells 

previous  Serial  Number:   None 

Principal  Investigators:   Dr.  B.  G.  Reddy 
Dr.  G.  Krishna 

Other  Investigators:      None 

Cooperating  Unit:        None 

project  Description: 

Objectives ;   The  currently  available  metho^for  staining  of  sulfhydryl 
(SH)  groups  have  ignored  the  possibility  of  diffusion  of  soluble  SH-groups 
from  the  tissue  sections  during  their  histological  processing  and  do  not 
distinguish  the  SH  gro\5)s  of  glutathione  cUid  cysteine  from  those  of  the 
protein.   In  order  to  elucidate  the  mechanism  of  protection  action  of  GSH 
in  cell  necrosis  induced  by  various  drugs  and  chemicals  it  is  necessary 
to  develop  a  method  to  determine  the  localization  of  glutathione  in  cells 
and  tissues. 

Glutathione  (GSH)  is  a  major  contributor  to  the  cellular  redox  potential 
and  a  cof actor  in  various  enzymatic  reactions.   It  also  h^lps  to  keep  the 
enzymes  in  active  state  by  maintaining  their  SH  groups  in  the  reduced  form. 
GSH  is  also  involved  in  the  active  transport  of  amino  acids  in  cells. 
Moreover  GSH  may  also  play  an  impbrtant  role  in  the  detoxification  of  foreign 
coQipounds.  We  have  shovm  that  administration  of  bromobenzene  and  other  halo 
benzenes  resulted  in  the  depletion  of  liver  GSH  through  the  formation  of 
highly  reactive  areneoxide-GSH  conjugate.  Only  when  the  cell  is  depleted 
of  GSH  does  the  active  metabolite  of  bromobenzene  bind  to  cell  macromolecules 
resulting  in  cell  damage. 

Since  the  depletion  of  GSH  preceeds  liver  necrosis  and  since  it  occurs 
only  in  the  cells  in  the  fientrilobular  regions  of  liver,  we  wished  to  deter- 
mine whether  GSH  was  preferentially  depleted  in  centrilobular  hepatocytes. 
For  this  reason  we  have  developed  a  simple  histochemical  method  for  the 
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assay  of  glutathione  in  tissue.  This  study  was  undertJOcen  to  check  the 
specificity  of  histochemical  methods  developed  in  this  laboratory  and 
reproducibility  of  the  data. 

Methods  Employed;   Male  Sprague  Dawley  rats  weighing  150-200  g  were 
decapitated,  livers  excised  immediately,  cut  into  small  tissue  blocks 
placed  on  cork  squares  and  frozen  in  precooled  2-methylbutane  in  liquid 
nitrogen  and  put  directly  on  to  specimen  blocks.  The  mounted  specimen  blocks 
were  equilibrated  with  cryostat  temperature  (-15°C)  for  about  2  hours. 
Sections  8  y  thick  were  cut  eind  transfered  to  precooled  cover  slips  and 
stained  in  a  solution  of  mercury  orange  in  toluene  (50  pM)  for  varying 
lengths  of  time.  At  the  end  of  the  staining  period  the  sections  were 
rinsed  in  toluene,  air  dried,  fixed  in  10%  neutral  formalin,  counterstained 
in  0.05% methylene  blue  in  0.1  M  Citrate  buffer,  (pH  4.6).  At  this  pH 
methylene  blue  stains  the  nucleus  and  cytoplasmic  RNA.   The  stained  sections 
were  mounted  in  histoclad  and  examined  under  tungston  light  or  by  fluoresc- 
ence microscopy. 

The  rate  of  reaction  of  cellular  SH-groups  with  mercury  orange  involved 
direct  measurement  of  GSH  and  total  SH  groups  in  the  stained  and  unstained 
tissue  sections  employing  the  fluorometric  and  spectrophotometric  methods, 
respectively. 

The  specificity  of  GSH  staining  was  demonstrated  by  incorporating  GSH 
into  7%  gelatin  on  0.1  M  phosphate  buffer,  pH  7.6  to  make  a  final  concentration 
of  GSH  vary  from  0-16  mM.  The  gelatin  blocks  were  processed  similarly  as 
the  tissue  blocks,  sectioned,  stained  in  mercury  orange  for  varying  length 
of  time.   The  rate  of  reaction  of  glutathione  with  mercury  orange  was 
determined  by  measuring  the  GSH  at  the  end  of  each  staining  period. 

The  Specificity  of  GSH  staining  was  also  evaluated  in  rats  after 
depletion  of  liver  GSH  by  more  than  99%  by  treatment  with  diethylmaleate. 
These  livers  processed,  sectioned  and  the  rate  of  reaction  of  cellular  GSH 
and  total  SH-groups  in  the  stained  and  unstained  was  measured  as  described 
be  fore . 

Major  Findings;  The  experimental  evidence  supports  the  earlier  findings 
for  localization  of  GSH.  Mercury  orange  stained  GSH  strongly  and  only 
slightly  staining  the  protein  SH  groups.   In  excimination  under  light 
microscope  the  protein-SH  staining  appears  as  uniform  diffused  staining 
while  GSH  appears  grannular.  Mercury  orange  stained  more  than  70%  of  GSH 
within  5  min.   The  reaction  rates  of  protein  SH-groups  in  dimethyl  maleate 
treated  rat  liver  sections  follow  a  similar  pattern  for  total  SH  groups  but 
no  grannular  staining  can  be  noticed  which  appears  to  be  specific  for  GSH. 
Based  on  the  rate  of  reaction  of  GSH  and  protein  SH-groups,  it  is  possible  to 
stain  exclusively  GSH  by  controlling  the  duration  of  staining  procedure. 
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The  specificity  of  added  GSH  in  gelatin  blocks  was  similar  to  tissue 
sections.  The  rate  of  reaction  was  similar  to  tissue  sections  and  there 
was  slight  amount  of  background  staining.   However,  in  control  gelatine 
blocks  contained  no  GSH,  the  background  staining  was  negligible  compared  to 
corresponding  GSH  containing  gelatin  sections.  Moreover,  there  was  a 
correlation  between  the  concentration  of  GSH  and  the  staining. 

Histologically,  the  liver  sections  stained  by  mercury  orange  for  GSH 
appeared  mostly  in  the  form  of  red  greinules  with  a  diffused  pink  background. 
Counter  staining  with  methylene  blue  improved  the  visibility  of  red  granules. 
The  histological  quality  of  these  sections  were  not  as  good  as  that  of  the 
fixed  and  embedded  tissue  samples. 

Significance  to  Biomedical  Research  and  to  the  Program  of  the  Institute: 
With  the  availability  of  a  simple  and  sensitive  method  in  staining  GSH  it 
should  be  possible  to  investigate  the  protective  role  of  GSH  in  drug-induced 
tissue  deOnage.   Moreover,  with  this  method  it  should  be  possible  to 
investigate  the  role  of  GSH  in  the  tissues  as  a  protective  agent.   It  should 
be  possible  to  examine  if  GSH  plays  any  protective  role  in  drug-induced 
bone  marrow  damage. 

proposed  Course  of  Project;  This  method  will  be  used  to  study  the 
role  of  GSH  in  other  tissues  including  bone  marrow  cells. 

Honors  and  Awards:  None 

Publications :  None 
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Project  Title:  Covalent  binding  of  chlorajraphenicol  to  tissue 

macromolecules  as  a  hasis  for  bone  marrow  damage 

Previous  Serial  Number:   None 

Principal  Investigators:   Dr.  Gopal  Krishna 
Dr.  Luigi  Bonanomi 

Other  Investigator:       Miss  Ethyl  Boykins 

Cooperating  Unit:         None 

Project  Description: 

Objectives :   There  are  numerous  drugs  that  are  being  currently  employed 
in  therapy  which  are  known  to  produce  occasionally  various  types  of  tissue 
damage  ranging  from  liver  necrosis  to  damage  to  haemopoetic  systems.   One  of 
these  is  chloramphenicol.   Shortly  after  its  introduction  as  a  broad  spectrum 
antibiotic,  reports  have  appeared  indicating  that  it  produces  various  types 
of  bone  marrow  depression,  including  fatal  aplastic  anemia  in  certain  suscep- 
tible individuals.   But  the  biochemical  mechanisms  by  which  chloramphenicol 
causes  this  toxicity  are  not  clearly  understood. 

It  seems  possible,  however,  that  the  toxicity  caused  by  chloramphenicol 
might  be  mediated  by  a  chemically  reactive  metabolite  which  interacts  co- 
valently  with  bone  marrow  cells.   Indeed,  the  hepatic  necrosis  caused  by 
carbon  tetrachloride  and  halogenated  hydrocarbons  probably  is  mediated  by 
chemically  reactive  intermediates.  To  evaluate  this  possibility,  we  have 
carried  out  experiments  with  chloramphenicol  and  thiamphenicol ,  a  methyl 
sulfonyl  analogue  of  chloramphenicol.   These  compoiinds  have  very  similar 
antibiotic  activities  and  cause  dose-related  reversible  bone  marrow  depression. 
Although  thiamphenicol  has  been  used  as  an  antibiotic  for  many  years  in  Japan, 
and  in  some  European  countries,  it  does  not  appear  to  cause  aplastic  anemia. 

Methods  Employed:   l)  In  vitro  experiments.   We  studied  covalent  binding 
of  chloramphenicol  and  thiamphenicol  on  liver  microsomes  of  normal  and  pheno- 
barbital -treated  rats  and  on  isolated  bone  marrow  cells  of  rats  and  rabbits. 

2)  Covalent  binding  to  liver  microsomes :   The  radiolabeled  compounds  were 
incubated  with  rat  liver  microsomes,  NADH  and  NADPH,  and  its  generating 
system.   These  incubations  were  performed  in  the  presence  of  oxygen  and  were 
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not  bound  covalently  to  macromolecules .  After  repeated  washings  with  solvents 
an  aliquot  of  protein  was  taken  for  radioactive  determinations.  The  rest  of 
the  protein  was  hydrolyzed  to  amino  acids  by  incubation  with  pronase.  The 
amino  acids  containing  covalently  bound  metabolites  of  the  drug  were  separated 
from  other  amino  acids  in  an  amino  acid  analyzer. 

3)  Covalent  binding  on  bone  marrow  cells:   The  bone  marrow  cells  were 
suspended  in  Krebs-Ringer  phosphate  medivim  and  incubated  with  ^^C-chl«ram- 
phenicol  or  l^C-thiamphenicol  without  addition  of  any  cof actors. 

h)   In  vivo  experiments :  Two  different  types  of  experiments  were  carried 
out  in  vivo. 

a)  Covalent  binding  of  chloramphenicol  and  thiamphenicol  to  various 
tissues!  Rats  were  injected  with  l^C-labeled  chloramphenicol  or  thiampheni- 
col,  100  mg/kg,  i.p.  specific  activity:   1  yC/mg.  After  various  times,  plasma 
and  tissue  samples  were  taken  and  the  covaiently  bound  radioactivity  to  pro- 
teins was  determined.  Tissues  were  also  taken  for  autoradiographic  examination. 

b)  Effect  of  repeated  treatments  of  chloramphenicol  and  thiamphenicol  on 
systems  in  the  rats;  Groups  of  rats  were  injected  3  times  weekly  with  30  mg/ 
kg,  i.p.  of  chloramphenicol  or  thiamphenicol  for  It  weeks.  Just  after  the  last 
treatment  and  2  months  thereafter,  ,  periperal  blood  samples  were  taken  for 
complete  cell  counts.  Section^  of  bone  were  taken  for  histological  examination. 

Ma.1or  Findings:   l)  In  vitro  studies :   In  these  studies  we  found  that 
chloramphenicol  binds  covalently  to  ra,t  liver  microsomes  when  incubated  in 
the  presence  of  oxygen,  NADPH,  and  NADH.  The  covalent  binding  was  linear  up 
to  10  min.  The  apparent  K^  value  for  the  covalent  binding  of  chloramphenicol 
to  rat  liver  microsomes  was  50  yM  and  the  Vj^gj^  was  500  pmoles/mg  protein/lO 
min.  The  covalent  binding  of  chloramphenicol  was  increased  markedly  when 
microsomes  from  phenobarbital  pretreated  rats  were  used  and  only  slightly 
when  microsomes  from  3-methylcholanthrene  (3-MC)  pretreated  rats  were  used. 

The  formation  of  reactive  metabolite  is  probably  catalyzed  by  cytochrome 
P-U50,  because  the  covalent  binding  requires  NADPH  and  oxygen;  it  was  inhibited 
when  the  •'-  C-chloramphenicol  was  incubated  with  rat  liver  microsomes  under  an 
atmosphere  of  nitrogen  or  in  the  absence  of  NADPH.  Moreover,  carbon  monoxide 
and  SKF  525-A,  markedly  reduced  the  covalent  binding  of  chloramphenicol. 

Thiamphenicol  is  bo\and  covalently  to  rat  liver  microsomes  only  to  a  very 
small  extent  in  comparison  to  chloramphenicol  (thiamphenicol,  7.6  pmoles/ 
milligram  protein/min;  chloramphenicol,  itO-50  pmoles/mg  protein/min) .  The 
covalent  binding  of  thiamphenicol  was  increased  only  3-fold  by  liver  micro- 
somes from  phenobarbital  pretreated  rats.   As  with  chloramphenicol,  the  co- 
vsLLent  binding  of  thiamphenicol  required  oxygen  and  NADPH,  suggesting  the  in- 
volvement of  cytochrome  F-k^O   in  the  activation  of  the  drug  (Table  l) . 

2)  Chloramphenicol  binds  to  a  greater  extent  then  does  thiamphenicol  to 
rat  bone  marrow  cells  (Table  2). 
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3)  In  vivo  studies :   After  2U  hr  we  foxind  significant  radioactivity  bo\ind 
covalently  to  various  tissues.   The  results  of  these  studies  are  summarized 
in  Tahle  3.   The  highest  covalent  "binding  of  chloramphenicol  was  to  proteins 
of  plasma,  liver  and  hone  marrow.   The  covalent  hinding  was  markedly  increased 
by  phenobarhital  pretreatment  of  the  animals .   More  than  half  of  the  covalent 
binding  of  chloramphenicol  occurred  within  2  hr  after  the  administration  of 
the  drug.   By  contrast,  the  covalent  binding  of  thiamphenicol  to  these  tissues 
was-  lower  than  that  of  chloramphenicol.   Moreover,  phenobarhital  pretreatment 
did  not  greatly  increase  the  covalent  binding  of  thiamphenicol. 

At  2it  hr  after  administration  of  -'-^C-chloramphenicol  all  the  radioactivity 
found  in  plasma  is  bound  covalently  to  plasma  proteins .   In  phenobarhital  pre- 
treated  animals  as  much  as  60  vig  of  chloramphenicol  or  its  metabolite  was  co- 
valently bound  to  plasma  protein  per  ml  of  plasma  at  this  time.   This  binding 
has  been  found  to  be  covalent  by  a  variety  of  methods  including  solvent  ex- 
traction, Sephadex  gel  filtration  and  agarose  gel  electrophoresis.  Most  of 
the  covalently  bound  chloramphenicol  is  associated  with  a  protein  that  has  a 
molecular  weight  similar  to  that  of  albumin  but  has  a  mobility  lower  than 
albumin  as  measured  by  agarose  gel  electrophoresis. 

These  studies  thus  demonstrate  that  chloramphenicol  in  rats  is  converted 
to  a  chemically  reactive  metabolite  that  reacts  covalently  with  macromolecules 
in  various  tissues  including  bone  marrow  cells.   They  further  show  that  thi- 
amphenicol, which  apparently  does  not  cause  aplastic  anemia  becomes  covalent- 
ly bound  to  a  much  smaller  extent . 

k)   Effect  of  repeated  treatment  of  chloramphenicol  and  thiamphenicol  on 
haemopoetic  system  in  the  rats:   No  significant  difference  was  found  in  the 
blood  cell  counts  of  rats  treated  with  chloramphenicol  and  thiamphenicol 
versus  control  groups.   Histological  and  autoradiographic  examination  •f  bone 
marrow  are  currently  being  carried  out. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  understanding  of  the  mechanisms  involved  in  the  transformation  of  chlor- 
amphenicol to  an  active  metabolite  which  binds  covalently  to  bone  marrow  cells 
leading  to  bone  marrow  damage  may  greatly  aid  in  the  development  of  newer 
drugs  which  will  have  all  the  beneficial  effects  of  chloramphenicol  without 
any  of  its  serious  side  effects. 

Proposed  Co\irse  of  Project:   Identification  of  the  compound  covalently 
bound  to  proteins  and  covalent  binding  of  other  derivatives . 

Honors  and  Awards :   None 

Publications: 

1.  Krishna,  G.  and  Bonanomi ,  L. :   Covalent  binding  of  chloramphenicol 

as  a  biochemical  basis  for  chloramphenicol-induced  bone  marrow  damage. 
Proceedings  of  the  International  Symposium  on  Drug  Interactions, 
Raven  Press,  in  press. 

3  /7f 


Serial  No.   NHLI-52 


2.  Krishna,  G. :   Covalent  binding  of  drugs  to  tissue  macromolecules  as 
a  biochemical  mechanism  of  drug  toxicities  with  special  emphasis  on 
chloramphenicol  and  thiamphenicol.  Postgraduate  Medicine,  in  press. 


Table  1 

Inhibition  of  covalent  binding  of  chloramphenicol  and  thiamphenicol 
by  inhibitors  of  cytochrome  P-U^O  system 

Inhibitors  Chloramphenicol         Thiamphenicol 

covalently  bound        covalently  bound 
pmoles/mg  protein/min 

None  20.1;  3,9 
SKF  525-A  (1  mM)  5.6  3.0 
00:02  (8:2)  10. U  1.8 
No  2.U  2.8 
GSH  (3  mM)  T.5  1.1 
Minus  NADPH 0^8 0^ 

Table  2 

Covalent  binding  of  chloramphenicol  and  thiamphenicol  to  rat  bone 
marrow  cells  in  vitro 


pmoles  covalently  bound/mg  protein 
at 
10  min 20  min 30  min 

^I^C-chlorampheniol 

^J*C-thiamphenicol 

l'*C-CCl^Br 


U8 

80 

100 

3 

5 

6 

!27 

33U 

336 
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Table   3 

In  vivo   covalent  binding  of  ^"^C-chloramch.nicol  and  ^ Vthiampheni.ol  t-.o 
various   tissue  macromolecules   of  rat 


Tissues 


Chloramphenicol 


Thiamphenicol 


Normal 
rats 


Phenobarbital- 
induced  rats 


Normal   Phenobarbital- 
rats    induced  rats 


covalent  binding  (pmoles/mg  protein) 


Plasma 

698 

3205 

150 

229 

Liver 

423 

1646 

159 

305 

Bone  marrow 

324 

1398 

110 

178 

Adrenal 

316 

680 

75 

142 

Fat  pad  (epididymal) 

273 

834 

87 

73 

Kidney 

212 

892 

85 

126 

Lung 

155 

602 

75 

119 

Spleen 

95 

742 

83 

126 

Testis 

76 

339 

37 

37 

Heart 

69 

273 

38 

45 

Brain 

38 

191 

17 

23 

Erythrocytes 

36 

60 

43 

40 

Muscle 

23 

113 

23 

19 
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Project  Title:  The  mediator  role  of  cyclic  nucleotides.   The 

effects  of  cholinergic  agents  on  cyclic  3'-5'- 
guanosine  monophosphate  levels  in  the  lung. 

previous  Serial  Nunber:   None 

principal  Investigators:   Dr.  N.  Krishnan 
Dr.  G.  Krishna 

Other  Investigators:      None 

Cooperating  unit:        None 

project  Description: 

Objectives;  Although  guanosine  3 '-5 '-monophosphate  (cyclic  GMP)  has 
been  found  in  mamy  tissues,  its  physiological  role  remains  to  be  established. 
Investigations  on  the  role  of  cyclic  GMP  have  been  hampered  by  the  unavail- 
ability of  single  and  sensitive  methods  for  its  assay.  However,  with  the 
intxoduction  of  a  sensitive  radioimmunoassay  for  cyclic  GMP  (A.  L.  Steiner 
et  al. ,  J.  Biol.  Chem. ,  247:  1106,  1972),  studies  on  the  role  of  cyclic  ©IP 
have  been  made  possible.  Since  there  is  no  information  on  the  role  of 
cyclic  GMP  in  the  lung  or  in  other  tissues,  a  detailed  study  has  been 
undertaken  on  the  cyclic  GMP  system  in  rat  lung.  The  experiments  were 
'SB^tnied  te'e^-xroidate  the  ^possHyle- role  of  ^cyclic  GMP  as  a  second  messenger  in 
the  cholinercric,  as  well  as  other  systems  in  Ixing.   it  is  known  that  beta 
adrenergic  stimulation  causes  an  increase  in  3 ',5'  adenosine  monophosphate 
(cyclic  AMP)  levels  with  a  concomitant  inhibition  of  release  of  slow 
reacting  substemces  (SRS-A)  during  anaphylaxis;  v^ile  alpha  adrenergic 
stimulation  is  associated  with  decreases  in  tissue  levels  of  cyclic  AMP 
"l  and  enhancement  of  the  release  of  SRS-A.   This  inverse  relationship  suggests 
that  changes  occurring  in  the  cyclic  AMP  levels  of  the  total  cell  population 
of  intact  lung  fragments  reflect  comparzdble  changes  in  the  subpopulation  of 
target  cells  involved  in  the  mediator  (SRS-A)  releeise  and  that  those  target 
cells  possess  both  alpha  and  b^a  receptor  sites.   It  is  possible  that  cyclic 
GMP  may  also  be  involved  in  these  processes,  especially  in  the  alpha  adrenergic 
responses.   It  has  been  suggested  that  levels  of  cyclic  GMP  and  cyclic  AMP 
may  follow  a  bidirectional  pathway,  frequently  referred  to  as  Goldberg's 
Ylng-Yang  hypothesis.   It  is  therefore  of  interest  to  examine  whether  suci' 
bidirectional  effect  with  regard  to  cyclic  GMP  and  cyclic  AMP  occurs  in  lun  , 
which  serves  as  an  excellent  system  for  the  study  of  the  adrenergic, 
cholinergic  and  possible  histaminergic  systems. 
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Since  prostaglandins  are  also  knovm  to  be  synthesized  and  degraded  in 
the  lung,  it  may  also  serve  as  a  model  for  the  study  of  their  effects. 
Moreover,  the  lung  may  also  serve  as  a  model  for  the  study  of  the  effect  and 
toxicity  of  drugs. 

Methods  Employed;  Radioimmunoassay  of  cyclic  GMP  was  carried  out 
according  to  the  method  of  Steiner  using  a  specific  cyclic  GMP  emtiserum 
and  employing  the  polyethylene  glycol  procedvire  for  the  separation  of  the 
antigen-antibody  complex.   It  is  possible  to  measure  a  concentration  of 
25  fentomoles  (10~15  moles)  by  this  method. 

The  study  of  cyclic  nucleotide  system  in  rat  lung  was  approached  in 
various  ways.   Guauiylate  cyclase  the  enzyme  responsible  for  the  conversion 
of  GTP  to  cyclic  GMP,  was  assayed  in  the  supernatant  fraction  of  rat  lungs. 
The  formation  of  cyclic  GMP  in  response  to  hormones  was  studied  in  the  intact 
lung  cells  and  tissue  slices.   Simple  and  sensitive  methods  for  the  assay  of 
guanylate  cyclase  were  developed,  using  GTP-O'^^p^  Two  principal  methods 
were  used  in  these  studies.  These  methods  involves  either  a  combination  of 
anion  exchange  chromatography  on  Dowex-l-X8  and  alumina  or  Cation  exchange 
AG-50-H'''-x4  and  alumina.   The  guanylate  cyclase  reaction  mixture  (100  yl) 
consisted  of  40  mM  Tris-HCl  buffer  pH  7.4,  10  mM  of  theophylline,  1  mM  of 
cyclic  GMP,  3.3  mM  of  manganese  sulfate,  1  mM  of  GTP  --^^P  (specific  activity  - 
20  counts/pmole)  and  10-100  yg  protein  of  lung  supernatant  fraction.  The 
reaction  mixture  was  incubated  for  5  min  at  37°  and  was  stopped  by  the 
addition  of  an  equal  volume  of  10  mM  EDTA.   H  cyclic  GMP  Cv-  15000  CPM;  5 
pmoles)  was  added  to  calculate  recovery  of  cyclic  GMP.   Incubation  mixture 
containing  boiled  enzyme  was  run  with  each  set  of  assays.   0.3  ml  of  water 
was  added  to  each  tube  and  loaded  on  a  column  of  (0.5  x  5  cm)  Dowex  AG-1-X8 
formate  (100-200  mesh)  which  had  been  previously  washed  twice  with  water. 
The  columns  were  washed  with  10  ml  of  water,  and  then  with  10  ml  of  2N  H(X)OH. 
These  eluates  were  discarded.   10  ml  4N  HCOOH  was  added  to  elute  the  cyclic 
GMP.  The  eluate  was  lyophilized  and  dissolved  in  1  ml  of  0.1  M  Tris-HCl 
buffer  pH  7.4.  The  samples  were  loaded  on  a  column  of  dry  alumina  (0.5  x 
5.0  cm)  and  eluted  with  2  ml  of  the  same  buffer.  The  eluates  were  collected 
in  scintillation  vials  mixed  with  aguasol  and  counted. 

Alternatively,  the  diluted  guanylate  cyclase  reaction  mixture  (0.5  ml) 
was  loaded  on  a  column  of  Dowex  AG  50  x  4  H^  (200-400  mesh  Elize)  which 
had  been  previously  washed  with  water.   After  the  sample  has  passed  through 
the  column,  0.5  ml  water  was  added  and  the  eluate  discarded.  The  tips  of 
the  columns  were  rinsed  with  distilled  water  and  wiped  with  blotting  paper. 
1  ml  of  water  was  added  and  the  eluates  were  added  directly  on  a  column  of 
dry  alumina  as  described  above  and  eluted  with  2  ml  of  Tris-HCl  buffer  0.1  M. 
PH  7.4  collected  directly  in  scintillation  counting  vials,  mixed  with 
aquasol  and  counted. 
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The  difference  between  the  two  assay  procedures  Is  in  the  sensitivity 
of  the  assay.  The  blank  of  the  assay  by  the  Dowex  1  and  alumina  method  is 
zero  while  the  bleuik  of  the  Dowex-SO  and  alumina  is  between  2  to  3  pmoles  of 
cyclic  GMP  (it  represents  0.002  -  0.003%  of  GTP) .  The  Dowex  50  and  alumina 
method  is  simpler,  since  it  avoids  the  lyophilization  step.  For  routine 
purposes,  vrtien  high  sensitivity  is  not  required,  Dowex-50  and  alumina  is 
the  assay  of  choice.  Where  high  sensitivity  is  required  Dowex  1  cind  alumina 
method  becomes  an  asset  to  the  investigatior . 

For  measurement  of  levels  of  cyclic  nucleotides  in  Iving  smaples,  the  limg 
tissue  (cells  or  slices)  were  treated  with  an  equal  volumn  of  10%  perchloric 
acid.  The  tubes  were  centrifuged  to  separate  the  protein  and  the  supernatant 
solution  was  neutralized  with  1  N  KOH  and  centrifuged  again  to  remove  the 
precipitated  perchlorate.  The  clear  supematants  containing  cyclic 
nucleotides  were  purified  on  columns  of  Dowex- 1-X8  as  described  above.  After 
discarding  the  10  ml  water  eluate,  the  columns  were  eluted  with  10  ml  of  2  N 
formic  acid  (HCX)OH)  to  elute  cyclic  AMP.  After  this, cyclic  GMP  was  eluted 
with  10  ml  of  4N  HCOOH;  the  samples  were  lyophilized.  Cyclic  AMP  was 
assayed  by  the  Oilman  binding  eissay.  Cyclic  GMP  was  assayed  by  radioimmuno- 
assay. 

Our  studies  on  hormone-induced  changes  of  cyclic  AMP  and  cyclic  GMP 
levels  in  the  lung  were  carried  out  with  lung  slices  of  the  perfused  organ 
as  well  as  with  viable  lung  cells  (K.  G.  Gould  £t  al. ,  Science  178:  1209 
(1972)).  For  these  studies  rats  were  anaesthetized  and  after  tracheostomy 
the  lungs  were  artificially  ventillated  and  perfused  at  38  C  in  situ  with 
Krebs-Ringer  phosphate  buffer  containing  per  milliliter:  1  mg  of  crude 
collagenase,  2  mg  of  pronase,  0.5  mg  chymopapain,  10  units  of  elastase, 
0.03  mg  deoxyribonuclease ,  and  0.005  ml  of  crude  catalase.  The  lung  tissue 
treated  with  the  enzyme  mixture  (10  ml)  is  incubated  at  38°C  for  45  min  with 
gentle  agitation  on  a  Dubnoff  shaker.  After  incubation,  the  contents  of 
the  vial  were  passed  through  a  silk  cloth  to  remove  cell  debris  and  connective 
tissues.  It  is  centrifuged  for  15  seconds  at  3,000  RPM  and  washed  twice  with 
Krebs-Ringer  phosphate-albumin  buffer  and  diluted  with  the  same  buffer  and 
used  for  the  experiments. 

Major  Findings:  The  guanylate  cyclase  of  rat  lung  was  present  mostly 
(90%)  in  soluble  form.  The  remaining  enzyme  activity  was  present  in  particulate 
fraction.  The  enzyme  concentration  curve  is  concave ,  indicating  presence  of 
am   activator  substance  in  the  lung  enzyme  preparation.  The  activator  sub- 
stance appears  to  be  heat  labile.  Moreover  the  guanylate  cyclase  activity  is 
increased  3  fold  after  storage  of  the  high  speed  lung  supernatant  solution 
at  -70°  for  2  months.  Although,  carbamylcholine  does  not  activate  lung 
supemateUit  cyclase,  there  are  indications  that  divalent  cations  may  influence 
the  hormone  effect.  The  role  of  the  ionic  environment  with  regard  to 
hormone  activation  are  now  being  investigated. 
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Rat  lung  enzyme  requires  Mn   for  optimal  activity  while  Mg   or  Ca 
are  much  less  effective.   Lung  guanylate  cyclase  activity  is  linear  for 
30  min  and  is  optimum  at  pH  7.4.  Apparent  Km  for  GTP  is  50  \M   and  the  Vmauc 
is  400  pmoles/tng  protein/tnin. 

The  guanylate  cyclcise  activity  of  several  organs  of  rat  were  tested 
with  this  assay  method.  The  guanylate  cyclase  activity  was  as  follows: 
Lung  =  adrenals  >  kidney  >  testis  >  heart  >  liver.  Of  all  tissues  thus  far 
examined,  however,  rod  outer  segments  of  bovine  retina  contain  the  highest 
guanylate  cyclase  activity  (3000  pnoles/^g  protein/min) . 

Our  experiments  with  lung  cells  and  slices  showed  that  carbamylcholine 
increases  cyclic  GMP  levels.  This  accumulation  of  cyclic  GMP  reaches  a 
plateau  within  1  or  2  mins  and  this  rise  is  blocked  by  atropine.  Ca''"'' 
appears  to  potentiate  the  increase  in  cyclic  GMP  caused  by  cholinergic  agents. 
Since  cholinergic  drugs  also  increase  cyclic  AMP  levels  in  lung  slices  but 
not  in  lung  cells,  it  is  possible  that  the  changes  in  cyclic  GMP  may  be 
located  in  different  type  of  cells  euid  that  those  cells  which  respond  to 
cholinergic  drugs  may  be  lost  during  isolation.   Further  studies  on  the 
drug  effect  on  cyclic  GMP  in  the  lung  are  in  progess. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
A  study  of  the  effect  of  carbamylcholine  in  the  lung  may  help  to  understand 
the  role  of  cyclic  nucleotides  in  the  cholinergic  mechanism  in  this  organ. 
The  mechanism  of  action  of  several  other  drugs  could  be  tested,  checking 
their  effect  on  cyclic  nucleotides. 

Proposed  Course  of  Project;   The  possible  role  of  cyclic  AMP  and 
cyclic  GMP  and  the  involvement  of  cholinergic  and  alpha  adrenergic  system 
will  be  investigated  in  lung,  as  well  as  in  the  other  cholinergic  receptor 
systems. 

Honors  and  Awards :  None 

Publications;   Moskowitz,  j.  amd  Krishna,  G.:   The  effect  of  prostaglandin 
Ej^  on  norepinephrine  induced  membrane  depolarization  and 
cyclic  AMP  accumulation  in  brown  fat  cells.  Pharmacology, 
10:  129-135,  1973. 


/«^ 


Serial  No.     NHLI-54 

1.  chemical  Pharmacology 

2.  Drug-Tissue  Interaction 

3.  Bethesda,  Md. 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


project  Title:  Drug-nitrite  interactions:  Effect  of  N-nitro- 

sation  on  metabolism  and  biological  activity  of 
tripelennamine  (pyribenzamine) 

Previous  Serial  Number:   None 

Principal  Investigators:   Dr.  G.  S.  Rao 
Dr.  G.  Krishna 

Other  Investigator:       Miss  E.  Boykins 

Coc^ierating  unit:        None 

Project  Description: 

Objectives;  The  extensive  use  of  nitrates  and  nitrites  as  food 
preservatives  and  color  fixing  agents,  and  in  agriculture  as  fertilizers  has 
steadily  increased  the  e3q)Osure  of  humans  to  these  chemicals  in  the  recent 
years.  Many  drugs  and  some  constituents  of  our  daily  diet  are  secondary 
and  tertiary  amino  compounds  which  can  react  with  nitrite  under  mild 
conditions  to  produce  N-nitroso  derivatives.  N-Nitroso  derivatives  of  a 
number  of  alkyl  and  aryl  amino  compounds  are  known  to  produce  liver  injuries 
and  other  tissue  lesions  including  tiomors  in  experimental  animals. 

Orally  administered  drugs  containing  secondary  and  tertiary  amino 
groi:ps  could  also  form  such  N-nitroso  derivatives  in  the  stomach  where 
acidic  conditions  and  significant  concentrations  of  nitrite  through  dieta^ry 
intake  may  prevail.  Currently  we  are  investigating  in  vitro  and  in  vivo 
formation  of  N-nitroso  derivatives  of  various  drugs  in  rats  in  order  to 
evaluate  the  effect  of  N-nitrosation  on  the  metabolism,  tissue  distribution, 
covalent  binding  to  tissue  macromolecules ,  therapeutic  efficacy,  and 
toxicity  of  drugs.  Detailed  studies  have  been  carried  out  with  •'-'*c-labeled 
pyribenzamine,  an  antihistaminic  drug  and  its  N-nitroso  derivative  in  the 
rat. 

Methods  Employed:  Benzyl--'-^c- labeled  pyribenzamine  was  co-administered 
with  sodium  nitrite  to  rats  orally  and  1  hr  afterwards  the  stomach  centents 
were  examined  for  the  presence  of  N-nitroso  derivative  of  pyribenzamine. 
Thin- layer  chromatography,  mass  spectrometry,  and  radioactivity  measurements 
were  utilized  in  the  isolation,  characterization,  and  quantitation  of  the 
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nitroso  compound.   The  metabolism  of  benzyl-^'*C-labeled  pyribenzamine 
and  its  N-nitroso  derivative  in  the  control  and  phenobarbital  pretreated 
rats  was  studied  individually.  The  urineiry  metabolites  were  isolated 
following  enzymatic  hydrolysis  of  the  conjugated  metabolites,  converted  to 
their  trimethylsilyl  derivatives,  and  characterized  by  gc-mass  spectrometry. 

For  toxicity  studies,  rats  were  injected  with  appropriate  doses  of 
test  compounds  (i.p.  doses  up  to  400  mg/kg  1  to  15  daily  doses) .  Rats  in 
groups  of  six  were  utilized  at  each  dose  level  with  a  group  which  received 
no  test  compounds  serving  as  the  control.  At  the  end  of  the  experimental 
period,  the  liver  and  kidneys  were  removed,  slices  of  1-2  itin  thickness 
were  fixed  in  buffered  formalin,  and  siobmitted  for  histopathological 
examination.  Blood  samples  from  the  animals  were  also  collected,  serum 
prepared  by  centrifugation  and  then  assayed  for  serum  glutamic-pyruvic 
transaminase  (SGPT)  activity. 

Major  Findings;   CO-administration  of  pyribenzamine  cind  sodium  nitrite 
by  oral  route  resulted  in  the  formation  of  N-nitroso  derivative  of  the 
drug  in  the  rat  stomach.   During  the  first  hour,  about  6%  of  the  drug  was 
found  to  be  converted  to  its  N-nitroso  derivative.   The  nitroso  derivative 
was  also  present  in  the  urine  collected  at  4  and  24  hr  after  the  co- 
administration of  drug  and  nitrite. 

In  our  earlier  studies,  the  in  vitro  covalent  binding  of  nitroso- 
pyribenzamine  to  rat  liver  microsomal  proteins  was  found  to  be  t^'n  times 
that  of  the  parent  drug.   The  covalent  bindings  of  both  compounds  were  also 
shown  to  be  mediated  by  cytochrome  P-450  drug  metabolizing  enzyme  system. 
Further  evidence  was  obtained  for  the  formation  of  active  metabolites  of  the 
two  compounds  prior  to  their  binding  to  tissue  macromolecules.   In  an  effort 
to  characterize  the  active  metabolites  and  delineate  the  mechanism  of  the 
enhancement  of  covalent  binding  produced  by  N-nitrosation,  the  metabolism 
of  benzyl-1'^C-labeled  pyribenzamine  and  its  N-nitroso  derivative  in  the 
rat  was  studied. 

The  following  metabolites  were  isolated  from  urine  after  enzymatic 
hydrolysis  of  the  conjugates  and  identified  as  their  trimethylsilyl 
derivatives  by  gc-mass  spectrometry:   pyribenzamine  metabolites:     £_- 
hydroxybenzyl ,  p-hydroxybenzyl-5-hydroxypyridyl ,  and  m,£-dihydroxybenzyl 
derivatives  of  pyribenzamine  and  N-demethylpyribenzamine »  nitrosopyribenzamine 
metabolites  :£|-hydroxybenzyl ,  g_-hydroxybenzyl-5-hydroxypyridyl,  ouid  m,£_- 
dihydroxybenzyl  derivatives  of  nitrosopyribenzamine. 

Rats  receiving  intraperitonial  doses  of  pyribeinzamine  higher  than  20  mg/kg 
died  within  minutes  due  to  convulsion  produced  by  the  drug.  No  such 
convulsions  were  observed  in  rats  injected  with  the  N-nitroso  derivative  of 
the  drug  in  doses  up  to  400  *g/kg.   No  definitive  liver  or  kidney  necrosis 
was  observed  in  rats  injected  with  pyribenzamine  (20  mg/kg  i.p.  daily 
doses  1  to  15  days  and  100  mg/kg  oral  daily  doses,  2  and  4  days)  or  nitro- 
sopyribenzamine (100  mg/kg  i.p.  daily  doses  1  to  15  days;  200  mgAg^  daily 
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doses,  4  days;  400  mq/Y.q ,   daily  doses,  4  days  and  100  rng/kg,  daily  oral 
doses,  1  to  15  days) .  In  vitro  and  in  vivo  studies  revealed  nitroso- 
pyribenz amine  to  be  devoid  of  both  CNS  and   antihistaminic  activities  of 
the  parent  drug. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
Currently  there  is  growing  awareness  regarding  the  potential  interaction 
of  dietery  nitrite  and  orally  administered  drugs  containing  secondary  and 
tertiary  amino  groups  which  may  produce  N-nitroso  derivatives  of  drugs 
in  the  stomach.  Since  many  alkyl  and  aryl  nitrosamines  are  known  to  be 
carcinogenic  in  animals,  it  is  imperative  that  drug-nitrite  interactions 
and  their  potential  hazard  to  humans  be  studied  in  depth. 

Our  studies  with  pyribenzamine  has  revealed  that  although  N-nitroso- 
pyribenzamine  was  devoid  of  any  toxic  effects  upon  acute  exposure,  the 
therapeutic  efficacy  of  the  drug  was  found  to  be  completely  abolished 
after  N-nitrosation.  Thus,  the  loss  of  therapeutic  efficacy  of  drugs  by 
N-nitrosation  may  perhaps  be  a  more  significant  and  immediate  adverse  effect 
of  drug-nitrite  interactions  in  the  stomach  them  the  possible  production 
of  tissue  necrosis  including  tumors  by  long  term  exposures  to  N-nitroso 
derivatives  of  drugs. 

proposed  course  of  Project;   1)  Studies  on  the  potential  adverse 
effects  of  drug-nitrite  interactions  in  the  animals  will  be  extended  to 
cover  other  drugs  that  are  known  to  form  N-nitrosamines  in  vitro. 

2)  The  mechanism  of  toxicity  produced  by  N-nitrosamines  will  be  studied 
with  emphasis  on  the  possibility  that  N-nitrosamines,  hydrazines, 
hydroxy 1 amines  and  nitro  compounds  may  produce  tissue  damage  through  a 
common  mechanism. 

Honors  and  Awards :  None 

Publications :  None 
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toxicity:  Methylphenidate 
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Dr.  Gopal  Krishna 

Other  Investigators:     Miss  E.  Boykins 

Cooperating  Units:       Dr.  Docks  holds  a  postdoctoral  Fellowship 

Project  Description: 

Objectives:   Methylphenidate  (Ritalin-Ciba  Pharmaceuticals)  is  a 
compound  which  has  pharmacological  properties  similar  to  those  of 
amphetamine  and  other  phenyl-isopropylamines,  but  differs  from  these  in 
having  only  moderate  effects  on  the  peripheral  circulatory  system.  A 
recent  report  cited  an  example  of  hepatotoxicity  in  human,  as  measured  by 
an  increase  in  plasma  transaminases,  in  a  patient  receiving  methylphenidate. 
Since  no  studies  of  liver  toxicity  for  this  compound  have  been  reported  in 
the  literature,  a  study  of  the  possible  hepatotoxic  action  of  this  compound 
was  initiated.   Methylphenidate  contains  a  benzene  ring  moiety,  and  since 
other  compounds  (bromoberizene ,  acetaminophen)  containing  this  moiety  have 
been  shown  to  cause  liver  damage  related  to  covalent  binding  of  toxic 
metabolites  to  liver  macromolecules,  the  in  vitro  covalent  binding  and 
in  vivo  studies  of  methylphenidate  hydrochloride  were  initiated. 

Methods  Employed:   In  vitro  studies  consisted  of  incubating   C" 
methylphenidate  hydrochloride  with  liver  microsomes  and  an  a  NADPH 
generating  system.   The  covalently  bound  methylphenidate  or  its  metabolites 
were  isolated  as  described  in  a  previous  report.   In  addition,  liver 
microsomes  were  incubated  with  ■'■''c-methylphenidate  hydrochloride  under 
various  conditions  in  order  to  determine  the  role  of  the  cytochrome  P-450 
system  in  mediating  covalent  binding.   In  the  in  vivo  studies  methylphenidate 
hydrochloride  was  administered  intraperitoneally  at  veirious  doses  to  male 
rats  or  male  mice,  eind  to  those  that  had  been  pretreated  with  phenobarbital, 
3-methylcholanthrene,  or  the  appropriate  control  vehicle.   The  livers, 
kidneys  and  lungs  were  fixed  in  buffered  formalin,  sectioned,  and  stained 
with  hematoxylin-eosin.   Plasma  glutamic  pyruvic  transaminase  levels  were 
also  determined. 
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Major  Findings;   ^'*C-Methylphenidate  at  a  concentration  of  lO'^M  binds 
covalently  to  rat  liver  microsomal  protein  at  the  rate  of  approximately 
35  picomoles/mg  protein/tain  and  was  linear  with  time  up  to  30  min. 
Pretreatment  of  rats  with  3-methylcholanthrene  did  not  significantly  change 
the  rate  of  covalent  binding.   In  contrast  pretreatment  of  the  rats  with 
phenobarbital  increased  the  covalent  binding  approximately  four-fold  to 
145  picomoles/mg  proteinA>in. 

Various  ccmpounds  known  to  alter  the  toxicity  of  hepatotoxins  were 
investigated  to  determine  the  effects  of  these  agents  on  covalent  binding 
of  methylphenidate.  Glutathione,  which  may  act  as  a  protective  agent  in 
the  liver,  produced  86%  decrease  in  covalent  binding  of  methylphenidate  to 
control  microsomes  and  a  58%  inhibition  in  microsomes  from  phenobarbital 
pretreated  rats.  SKS  525-A,  ein  inhibitor  of  the  microsomal  mixed  function 
oxidase  system  caused  an  87%  and  94%  decrease  in  the  covalent  binding  to 
eoHtltO'l   or  phenobarbital  induced  liver  microsomes,  respectively.  Replacement 
of  air  with  N2  caused  decreased  binding  (44%  for  control  and  62%  for 
phenobarbital  induced  microsome) .  Since  incubation  in  the  absence  of  NADPH 
caused  marked  (61-78%)  decrease  in  covalent  binding,  NADPH  is  required  for 
the  covalent  binding. 

In  vivo  studies;   Since  the  studies  showed  that  covalent  binding 
increased  after  animals  were  pretreated  with  phenobarbital,  it  was  felt 
that  if  phenobarbital  caused  an  increase  in  an  active  metabolite,  liver 
toxicity  might  be  more  readily  seen  in  phenobarbital  pretreated  eUiimals. 
Male  mice  were  treated  with  single  doses  of  methylphenidate  hydrochloride 
50,  100,  and  200  mg/kg  and  sacrificed  24  hours  later.  No  pathological 
abnormalities  of  liver,  kidney  or  lung  or  changes  in  plasma  GPT  levels  were 
observed.  When  rats  were  pretreated  with  phenobarbital  and  then  given 
single  doses  of  methylphenidate  hydrochloride  of  50,  100,  and  200  mg/kg, 
no  liver,  kidney  or  lung  abnormalities  were  observed  and  normal  plasma 
GPT  levels  were  found.   For  rats,  at  doses  of  40  or  50  mg/kg,  in  control, 
phenobarbital  pretreated  or  3-methylcholanthrene  pretreated  animals,  normal 
liver,  lung  and  kidney  pathology  was  observed  as  well  as  normal  plasma  GPT 
levels. 

Methylphenidate  does  not  cause  hepatotoxicity  in  either  rats  or  mice. 
Although  the  in  vitro  covalent  binding  was  increased  in  phenobarbital 
pretreated  rats  compared  to  control  and  3-methylcholanthrene  pretreated  rats , 
this  increase  in  covalent  binding  does  not  appear  to  manifest  itself  in 
hepatotoxicity  for  this  compound. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
In  these  studies  no  hepatotoxic  effects  of  methylphenidate  hydrochloride 
were  detected  in  isail&  mice  or  rats.  Thus,  it  appears  that  the  case  of 
methylphenidate  hydrochloride  hepatotoxicity  in  a  hianan  subject  may  have 
been  due  to  a  chance  event.   If  in  the  future  more  patients  on  a  therapeutic 
regime  which  includes  methylphenidate  develop  hepatotoxi cities,  a  more 
thorough  search  for  an  experimental  animal  which  develops  hepatotoxicities 
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after  methylphenidate  administration,  should  be  undertaken.   Since  many 
therapeutic  agents  contain  benzene  rings  and  a  lesser  number  contain  the 
phenethylamine  moiety,  great  significance  would  have  been  found  if 
methylphenidate  had  caused  liver,  kidney  or  lung  toxicities.  This  study 
in  conjunction  with  studies  of  other  benzene  ring  containing  agents  will 
help  to  determine  the  structural  requirements  necessary  for  tissue  lesions 
to  be  formed. 

Proposed  Course  of  Project;  This  project  will  be  terminated  on  June 
30,  1974. 

Honors  and  Awards:  None 

Publications;  None 
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The  past  year  has  been  heavily  devoted  to  problem  solving  in  the  Laboratory 
of  Chemistry  and  as  in  past  years ,  the  emphasis  has  been  on  the  determination 
of  the  structures  of  substances  brought  to  us  by  investigators  both  within 
and  without  NIH.   It  has  always  been  our  contention  that  development  of  new 
analytical  methods  should  follow  the  appearance  of  a  given  problem  in  the 
laboratory.  Our  involvement  in  chemical  ionization  mass  spectrometry  for 
exeunple  came  about  because  of  our  inability  to  determine  the  molecular 
weights  of  biological  compounds  with  the  existing  classical  electron 
ionization  methods.   This  year,  emphasis  on  GC-mass  spectrometry  and 
especially  Fourier  transform  nmr  continues  unabated  because  these  are  the 
only  tools  available  for  investigating  the  structures  of  submicrogram 
quantities  of  materials  in  the  typical  biological  matrix.   In  the  case  of 
Fourier  transform  nmr  we  have  been  limited  to  date  by  the  appearance  of 
contaminants  in  the  nmr  solvents  at  levels  approaching  that  of  the  sample 
under  study.  Recent  acquisition  of  a  microcell  should  enable  us  to  decrease 
the  volume  of  sample  by  a  factor  of  at  least  10-50  providing  a  decrease  in 
the  cimount  of  sample  required. 

Data  handling  and  interpretation  of  the  voluminous  spectra  produced, 
increasingly  require  computer  methodology  and  so  we  have  a  strong  relationship 
with  the  Division  for  Computer  Research.  The  GT-40  interactive  oscilloscope 
is  an  extremely  useful  and  very  flexible  system  allowing  us  maximum 
interaction  with  the  PDP-10  computer.   Unfortunately,  its  usefulness  has  been 
hampered  by  a  continual  series  of  electronic  troubles  and  some  alternative 
must  be  found.   The  same  electronic  and  mechanical  problems  surround  our 
automated  microfiche  reader.   However,  we  now  have  the  complete  chemical  and 
biological  activities  file  of  the  ACS  (CBAC)  files  available  and  an 
interactive  system  allowing  their  search  by  key  word,  author,  molecular 
formula,  and  even  structure  is  being  developed  at  this  time  by  DCRT  for  us. 

Our  heavy  involvement  in  the  mass  spectral  search  routine  continues^  although 
for  outside  purposes,  it  has  been  transferred  to  the  General  Electric  Time- 
share  network  under  the  auspices  of  the  Aldermaston  Mass  Spectrometry  Data 
Centre  and  it  is  availcible  on  an  international  basis.   It  has  been  necessary 
to  acquire  a  large  number  of  teletype  systems  for  the  laboratory  in  order 
for  us  to  access  both  the  IBM  360  and  the  PDP-10.  This  is  a  continuing 
rental  cost  but  there  appears  to  be  no  alternative  at  this  writing.  For  the 
same  reason,  our  use  of  telephones  and  datasets  is  considerable.   In 
retrospect,  it  is  possible  that  one  single  computer  accessible  to  all  our 
laboratory  instruments  on  a  timeshare  basis  might  have  been  more  economical 
than  the  combination  of  laboratory  minicomputers  and  the  access  costs  of  the 
10  and  360  computers  but  our  involvement  with  the  latter  is  so  great  at  this 
time  that  it  would  seem  unwise  to  change . 
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The  Finnigan  GC-MS  system  is  used  almost  exclusively  by  Drs-  Brian  Brewer  and 
Fairwell  Thomas  for  their  analysis  of  phenylthiohydantoin  derivatives,  and 
it  seems  satisfactory  for  this  purpose.   However,  a  computer-operated  mass 
spectrometer  of  this  type  has  many  limitations,  and  we  do  not  find  it 
practical  for  our  day-to-day  structure  problems  especially  when  compared 
with  the  LKB  9000  spectrometer. 

Our  heavy  investment  of  time  and  money  in  the  MS-9  high  resolution  double- 
focusing  mass  spectrometer  continues.  A  major  stumbling  block  here  is  the 
frequent  requirement  for  electronic  modification  and  repair.  We  spend  far 
too  much  of  our  time  doing  this  and  some  alternative  should  be  found. 

The  X-ray  crystallographic  facility  under  J.  V.  Silverton  has  been  operating 
smoothly  over  the  past  few  years  and  considerable  progress  has  been  made  in 
developing  programs  and  methods  for  the  determination  of  structure  by  this 
powerful  method.   It  is  our  feeling  that  as  the  time  required  for  an  analysis 
becomes  shorter,  the  method  ceases  to  be  a  last  resort  and  will  be  considered 
at  an  earlier  stage  of  structural  analysis.   The  cost  of  computer  time  for  a 
given  analysis  is  high  ($3 ,000-$6,000) .   We  are  currently  exploring  the 
possibility  of  performing  the  same  data  analysis  on  a  smaller  laboratory 
computer  which,  although  less  efficient,  would  not  involve  such  charges. 

In  the  area  of  natural  products,  our  work  on  insect  pheromone  substances 
continues  and  a  wide  variety  of  unusual  compounds  have  been  found  and 
identified.   These  compounds  besides  their  inherent  biochemical  novelty  are 
excellent  test  substances  for  our  methods  since  they  are  always  present  in 
trace  quantities.   Their  low  molecular  weight,  on  the  other  hand,  renders 
them  accessible  to  all  of  our  GC  and  nmr  methods. 

Little  progress  has  been  made  this  year  on  the  development  of  the  field 
desorption  mass  spectrometer  which  allows  the  determination  of  mass  spectra 
of  non-volatile  substances  of  biological  origin  because  of  our  involvement  in 
other  projects  and  because  of  the  aforementioned  down-time  of  the  MS-9 
spectrometer . 

In  the  past  year,  either  alone  or  in  collaboration  with  others,  members  of  our 
laboratory  have: 

1.  Made  extensive  use  of  and  suggested  modification  to  the  DCRT-NHLI  mass 
spectral  search  routine  now  used  by  several  hundred  investigators 
throughout  the  USA  and  in  foreign  countries  (S.  Heller,  EPA). 

2.  Studied  the  mass  spectra  of  a  series  of  catecholamines  (R.  W.  Colburn, 
NIMH)  . 

3.  Determined  the  chemical  ionization  mass  spectra  of  stereochemically 
different  steroidal  amino  alcohols  (P.  Longevialle,  Gif-sur-Yvette, 
France) . 

4.  Developed  a  method  for  the  analysis  of  proteins  using  Cathepsin-C 
digestion  and  N-acetylacetone  methyl  esters  using  GC-MS  and  chemical 
ionization  (B.  Halpern,  Wollongong  Univ.,  Australia). 

5.  Studied  anchimeric  assistance  in  ortho-substituted  benzenes. 
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6.  Critically  compared  field  desorption,  field  ionization,  electron 
ionization  and  chemical  ionization  as  techniques  in  organic  mass 
spectrometry  (J.  D'Amico,  FDA,  and  H.  Beckey,  Univ.  of  Bonn,  Germany. 

7.  Prepared  a  review  of  major  methods  of  ionization  in  mass  spectrometry 
(M.  G.  Lacey,  CSIRO,  Canberra,  Australia) . 

8.  Determined  the  crystal  structure  of  4,2,2-propellane. 

9.  Determined  the  structures  of  a  series  of  compounds  involved  in  the 
biosynthesis  of  ergosterol  in  Aspergillus  fennelliae  (S.  J.  Kim,  NIAID) 

10.  Developed  a  method  for  classifying  drugs  from  their  mass  spectra  as  to 
sedative  or  tranquilizer  properties  by  pattern  recognition  methods 
(K-L.  Ting  and  M.  Shapiro,  CSL,  DCRT  and  A.  M.  Guarino,  LT,  NCI) . 

The  screening  method  will  now  be  used  on  cancer  drugs. 

11.  Isolated  several  new  terpenes,  biflavones  and  biflavonones  from 
Schinus  terebinthifolius . 

12.  Isolated  fractions  of  the  carcinogenic  plant  Acacia  villosa  and 
Krameria  ixina  by  high  pressure  liquid  chromatography  (G.  J. 
Kapadia,  Howard  Univ.) 

13.  Identified  16  new  monoterpene  hydrocarbons  from  species  of  termites 
and  ants  by  GC-MS.   Identified  mono-  and  sesquiterpene  hydrocarbons  in 
parides  species  and  identified  an  unknown  monoterpene  amine  C  H  N 
from  millipede  heads . 

13 

14.  Synthesized   C-26  cholesterol  in  five  steps  for  enzymatic  protein 

interaction  studies  (G.  Assman,  NHLI) . 

13 

15.  Studied  the  mass  spectra  and   C  nmr  of  various  substituted  di- 

phenylcyclohexanones . 

16.  Carried  out  structure  and  absolute  configuration  of  the  synthetic 
analgesic  viminol  to  obtain  insight  about  its  pharmacological  activity 
as  a  morphine  substitute. 

17.  Studied  the  spin  relaxation  time  of  phospholipids  enriched  with  C 
to  determine  their  physical  structures  in  solution  as  they  relate  to 
protein  complexes  (G.  Assmann,  NHLI) . 

18.  Isolated  the  material  responsible  for  the  inhibition  of  the  DNA 
polymerase  of  an  oncogenic  virus  from  Amaryllis  tazetta  and  shown  it 
to  be,  most  probably,  pretazettine  (m.  Cherigas,  NCI) . 

13 

19.  Examined  the   C  nmr  spectra  of  cyclohexene  diols  to  determine  their 

conformation  in  solution 
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20.  Studied  the   C  nmr  spectra  of  a  series  of  natural  products  to 
provide  insight  about  structure  from  chemical  shift. 

21.  Established  the  structure  of  a  chromanone  from  Calophyllum  brasilense 

22.  Established  the  structure  of  an  unknown  diterpene  from  Potomegon  sp. 

13 

23.  Elucidated  the  structure  of  nobilin  by   C  nmr  and  proton  INDOR  spectra 

(G.  W.  Perrold,  Univ.  of  Witwatersrand) . 

24.  Carried  out  crystal  structure  analysis  of  a  homocholestane-3-one 

(H.  Ziffer,  NIAMDD) , 

25.  Elucidated  the  structure  of  spergulagenin  containing  38  heavy  atoms 
by  X-ray  crystallography. 

26.  Elucidated  the  structure  of  a  strained  bicyclic  hydrocarbon  of 
unusual  structure {U.  Weiss  and  K.  Reis  NIAMDD) . 

27.  Worked  out  the  structure  of  cystein  dihydrochloride  (copper-doped) 

(S.  Komanane  NCI) . 

28.  Worked  out  the  structure  of  mellotine,  an  interesting  4-quinolone 
natural  product  (G.  Kapadia,  Howard  Uiv.). 

29.  Developed  methods  for  the  analysis  of  catecholamines  using  electro- 
chemical methods  (R.  Nicholson  NSF) . 

30.  Isolated  a  series  of  long  chain  ketones  from  stingless  bees  and 
solved  the  structure  of  a  series  of  pyrrolidine  compounds  found  in 
the  fire  ant  (M.  Blu,  Uiv.  of  Georgia) . 

31.  Worked  out  the  structure  of  several  compounds  found  in  carpenter 
ants  and  correlated  their  structure  with  caste  and  species 

(M.  Blum,  Univ.  of  Georgia) . 

32.  Elucidated  the  structures  of  several  metabolites  present  in  the  p- 
chlorophenylphenylalanine  treated  rat.   (V.  Rowe  NICHD) . 

33.  Determined  the  mass  spectra  of  a  series  of  branched  chain  aliphatic 
aldehyde  methoximes  (J.  Wheeler,  Howard  Univ.). 

34.  Identified  several  new  metabolites  of  retinoic  acid  (P.  R.  Sundaresen, 
St.  Joseph's  Hospital,  Lancaster,  Pa.). 

35.  Elucidated  the  structures  of  several  glutathione  conjugates  of 
phenacetin  as  obtained  from  rat  metabolism  (E.  Weissberger,  NCI) . 

36.  Identified  the  structure  of  a  new  amino  acid,  1-6-furylalanine 
(F.  Irreverre,  NIAMDD) . 


37.  Studied  lipoprotein  systems  with  phosphorous -31  nmr  identifying 
phospholipids,  sphingomyelin  and  lecithin. 

38.  Studied  the  micellar  nature  of  HDL  using  Eu(NO  )  .6H  0  delineating 
the  binding  sites  for  lipid-protein  interaction. 

39.  Determined  the  distance  between  metal  binding  site  of  nuclease 

and  phosphate  of  inhibitor  by  gallium  III  titrations  in  Staphloccocus 
nuclease  (J.  Griffin  and  B.  Furie,  NIAMDD) . 

40.  Studied  N-15  enriched  acetamides  to  gain  better  understanding  of 
factors  influencing  coupling  constants  (T.  Axenrod,  Univ.  of  New  York) 
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Project  Description: 

During  the  past  two  years.  Dr.  Richard  Nicholson  has  been  working  with  us  on 
Friday  of  each  week.   He  is  an  authority  in  the  field  of  electrochemistry, 
and  because  of  this  we  have  begun  a  project  to  see  whether  this  technique 
has  utility  in  biochemistry  at  NIH. 

Our  efforts  have  been  directed  along  two  lines.   In  the  first  place,  a  simple 
device  has  been  constructed  along  the  lines  suggested  by  Dr.  Ralph  Adams  of 
the  Univ.  of  Kansas,  for  the  ampirometric  detection  of  eluates  from 
liquid  chromatographic  columns.   This  technique  has  been  applied  to  the 
separation  and  determination  of  dopamine ,  epinephrine ,  and  norepinephrine 
(i.e.,  the  catecholamines)  at  the  nanogram  and  picogram  level  in  biological 
solutions.  We  have  just  finished  with  standard  runs  and  are  now  beginning 
to  analyze  the  urine  sait^les  provided  to  us  by  Dr.  H.  Reiser.   The  method 
provides  several  advantages.  Only  aqueous  solutions  are  used,  no  derivatiza- 
tion  steps  are  necessary,  and  the  response  of  the  detector  is  entirely 
linear . 

A  second  application  of  the  electrochemical  methods  involves  "cyclic 
voltammetry",  wherein  the  voltage  is  swept  forward  and  backward  through  the 
appropriate  oxidation  or  reduction  levels.   The  resulting  voltammagram 
has  a  characteristic  shape  depending  upon  the  reactivity  of  the  reduced  or 
oxidized  species  with  either  the  electrode  or  the  solution.   The  resultant 
voltammagram  is  thus  quite  specific  for  every  compound  under  the  conditions 
employed  and  the  technique  should  be  a  valuable  adjunct  to  the  liquid 
chromatographic  detector  since  it  provides  evidence  that  the  eluting  peak  is 
indeed  the  compound  in  question.   Further  reference  will  be  directed  toward 
the  combination  of  the  two  methods  providing  both  quantitation  and 
identification  aqueous  solutions  in  one  step.   Furthermore,  it  is  obvio,  =5 
that  the  technique  may  be  used  for  the  synthesis  by  electrochemical 
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oxidation  and  reduction  of  small  quantities  of  materials .   There  have  been 
preliminary  efforts  in  this  area  but  the  technique  is  being  studied  in 
relatively  few  laboratories.   It  is  our  feeling  again  that  the  method  holds 
considerable  potential  for  the  selective  modification  of  organic  substrates. 

Honors  and  Awards :   None 

Publications:   None 
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Project  Description: 

Work  during  the  past  year,  and  anticipated  for  the  coming  year  centers 
around  application  of  the  Nuclear  Magnetic  Resonance  technique  to  bio- 
chemical and  bioorganic  systems.  Use  of  carbon-13,  phosphorus-31  and 
hydrogen  as  nuclear  probes  to  determine  primary,  secondary,  and  tertiary 
structural  characteristics  of  molecular  systems  in  solution  yields  information 
available  by  few  other  means.  The  Fourier  transform  technique  enhances 
sensitivity  of  Nuclear  Magnetic  Resonance  Spectroscopy  to  the  point  where 
structural  studies  of  bioorganic  molecules  becomes  a  reality. 

Applications  and  Results 

Lipoprotein  systems  were  studied  using  phosphorus-31  nmr.   Native  HDL,  LDL 
and  VLDL  Chigh  density  lipoprotein,  low  density  lipoprotein  and  very  low 
density  lipoprotein)  were  observed  by  this  method  and  found  to  have  two 
consistent  resonances;  comparison  with  sonicated  lipids  enabled  assignment 
to  the  phospholipids,  sphingomyelin  and  lecithin,  thus  demonstrating 
application  of  nmr  to  studies  of  mammalian  biochemical  systems. 


Titration  with  paramagnetic  ions  EU(NO  )  .6D  0  which  binds  to  the  phosphate 
of  the  lipid,  provided  evidence  for  the  micellar  structure  of  native  HDL. 
Experiments  are  currently  in  progress  to  measure  spin-lattice  relaxation 
times  of  several  native  and  recombined  lipoprotein  systems  in  hope  of 
delineating  the  binding  sites  and  mechanisms  for  lipid-protein  interaction. 
Results  to  date  indicate  that  the  lipids  maintain  their  vesicular  integrity 
when  bound  to  proteins  of  varying  amino  acid  sequences. 

Experiments  with  Drs.  J.  Griffin  and  B.  Furie ,  NIAMDD,  on  Staphloccocus 
nuclease  and  its  inhibitor  3' 5'  thymidine  diphosphate  have  recently  been 
completed.   Titration  of  the  enzyme-inhibitor  complex  with  gallium  III 
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while  simultaneously  observing  changes  in  spin-spin  and  spin-lattice 
relaxation  times  allowed  a  calculation  of  distance  between  metal  binding 
site  of  the  nuclease  and  the  phosphate  of  the  inhibitor.   Conformation 
preferences  of  the  complex  in  solution  can  now  be  postulated  for  this 
system  and  compared  with  similar  data  from  x-ray  studies. 

12   13 
Studies  of  two  peptide-protein  complejres  (His   -C   Im.    ),  syn(l-15) 

peptide,  (His-'-^-C^^  jn,_  ^\    SRNase-S ' -complex  and  an  enriched  glycine 

analog  by  Carbon-13  nmr  have  been  and  are  currently  in  progress.   Enriched 

peptide  prepared  by  D.  I.  Chaiken  (NIAMDD)  allow  observation  of  distinct 

resonances.   The  pH  titration  data  obtained  from  the  spectra  show  the  effect 

of  ionization  of  neighboring  amino  acids  on  the  enriched  carbon  site.   Pka 

values  are  thus  obtained  for  the  amino  acids  within  the  peptide.   Changes 

in  these  Pka  values  when  in  bound  vs.  unbound  state  provides  insight  into 

the  conformation  in  solution. 

Carbon-13  spectra  have  been  obtained  for  a  series  of  N-15  enriched  acetamides 
prepared  by  Dr.  T.  Axenrod.   The  data  collected  should  increase  greatly 
the  knowledge  of  factors  influencing  carbon  coupling  constants.   Such 
information  should  find  utility  in  future  structural  studies  of  nitrogen- 
containing  molecules. 

The  increased  sensitivity  of  FT-NMR  allows  studies  of  materials  whose  supply 
is  limited.   Insect  pheromones  are  such  materials.   An  investigation  is 
underway  on  several  classes  of  insect  pheromones  in  hope  of  obtaining 
structural  information  as  well  as  gaining  experience  in  small  sample  handling 
techniques  for  Nuclear  Magnetic  Resonance . 

Honors  and  Awards :   None 

Publications: 
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Chem.  2,    235  (1973)  . 

Storm,  G.  B. ,  Teklu,  Y.  and  Sokoloski,  E.  A.   N-H  Tautomerism  in 
Porrhins  and  Chlorins.   Ann.  N.  Y.  Acad.  Sci.  206,  631  (1973). 

Brand,  J.  M.,  Fales,  H.  M. ,  Sokoloski,  E.  A.,  MacConnell,  J.  G.,  Blum,  M.  S. 
and  Duffield,  R.  M.   Identification  of  Mellein  in  the  Mandibular  Gland 
Secretion  of  Carpenter  Ants.   Life  Sci.  13^,  201  (1973)  . 
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Resonance  Spectroscopy  of  Native  and  Recombined  Lipoproteins.   Proc. 
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Interactions  with  the  Suburban  Hospital  Emergency  Toxicology  Center  (N.  Law) , 
set  up  by  NIMH  after  an  earlier  study  in  our  laboratory,  continue.   By  now  it 
is  quite  clear  that  their  quadrupole  mass  spectrometer  has  certain  inherent 
disadvantages  in  this  type  of  work  and  our  LKB-9000  GCMS  mass  spectrometer 
is  an  important  backup  for  them. 

The  constituents  of  many  attracting  an  alarm  substance  in  insects  have  been 
further  elucidated,  particularly  those  of  the  componotus  (carpenter  ant)  and 
solenopsis  (fire  ant)  species.   The  former  has  a  wide  range  of  substance, 
such  as  methyl  anthranilate,  mellein,  a  series  of  branched  chain  acids,  etc. 
The  latter  contains  an  interesting  series  of  pyrollidines 


and  their  unsaturated  derivatives.   Interestingly,  isomers  of  these  compounds 
had  been  proposed  earlier  as  constituents  of  a  related  fire  ant.  However,  as 
we  proved,  the  compounds  actually  were  piperidine  derivaties.  A  series  of 
stingless  bees  (Spinipes  and  trigone  sp.)  was  found  to  contain  2-heptanone, 
2-heptanol,  benzaldehyde,  2-undecanone ,  2-tridecanone,  tetradecanyl  acetate, 
dodecanyl  acetate,  and  ethyl  esters  of  fatty  acids  as  trail-marking 
substances.   These  structures  were  derived  exclusively  from  GC-MS .  (M.  Blum, 
U.  of  Georgia) 
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As  mentioned  last  year,  a  pyrrolysis  system  designed  for  use  with  the  LKB-9000 
GC-MS  has  still  not  proved  successful  due  to  design  problems  and  this 
approach  may  have  to  be  abandoned. 

In  collaboration  with  J.  V.  Silverton  of  this  laboratory,  the  structure  of 
melchine  has  been  deduced  completely  by  X-ray  crystallography.   The  nuclear 
magnetic  resonance  spectra  and  chemical  data  proved  equivocal . 


The  compound  is  unusual  in  that  it  contains  a  7-membered  ring.   It  occurs  in 
Melochia  corchbolia  a  plant  of  interest  to  the  Cancer  Institute  since  it 
contains  carcinogenic  compounds  (G.  Kapadia,  Howard  Univ.) . 

The  chemical  ionization  mass  spectra  of  a  series  of  steroidal  amino  alcohols 
has  proved  that  stereochemistry  can  profoundly  affect  chemical  ionization 
mass  spectra.   Under  the  more  classical  electron  ionization,  such  effects  are 
minimal.   The  observed  results  have  been  shown  to  correlate  with  intra- 
molecular hydrogen  bonding  (P.  Longevialle,  Gif-sur-Yvette,  France). 

A  comparison  has  been  made  of  the  various  methods  of  ionization  in  mass 
spectrometry  using  field  desorption,  field  ionization,  electron  ionization, 
and  chemical  ionization  methods.   Each  method  has  its  own  special  advantages 
and  disadvantages  (H.  Beckey,  Univ.  of  Bonn,  Germany).   Chemical  ionization 
mass  spectrometry  has  been  shown  to  be  an  excellent  method  for  the  structure 
determination  and  identification  of  the  catecholamines.   All  catecholamines 
studied  provided  intense  molecular  ions  using  this  method  while  none  were 
seen  previously  using  electron  ionization.   Unfortunately,  sample  handling 
problems  prevent  the  technique  from  being  applied  to  a  direct  determination 
of  these  compounds  in  plasma  or  urine  and  considerable  development  work  will 
be  necessary  if  this  method  is  to  be  applied  to  such  problems  (G.  Milne, 
this  laboratory,  R.  Colburn,  NIMH) . 

A  large  number  of  ortho  substituted  aromatic  compounds  has  been  investigated 
to  determine  the  effects  of  intramolecular  participation  (anchimeric 
assistance)  in  CI  mass  spectrometry.   The  rules  governing  decomposition  are 
straightforward  and  should  prove  useful  (T.  Sun,  this  laboratory). 

Largely  through  the  efforts  of  S.  Heller  (EPA)  the  mass  spectral  search 
system  (MSSS)  has  been  expanded  and  new  search  routines  suggested  by  us  and 
developed  by  Heller  have  been  added.   We  continue  to  use  the  NIH  version  on 
the  PDP-10  but  the  technique  is  also  available  on  the  GE-timeshare  system 
throughout  the  world. 

In  collaboration  with  S.  Heller,  we  are  attempting  to  derive  new  rules  of 
fragmentation  in  mass  spectrometry  by  cluster  analysis  of  the  mass  spectral 
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data.   Some  success  has  been  achieved  in  the  area  of  thio  esters,  although 
it  must  be  admitted  that  this  group  was  undoubtedly  clustered  itself  because 
of  its  unique  character. 

The  chemical  ionization  spectrum  of  a  series  of  branched  aliphatic  aldehyde 
methoximes  has  been  studied  (Dr.  James  Wheeler,  Howard  Univ.)  since  they 
cleave  under  mass  spectra  conditions  into  much  more  useful  fragments  than 
the  corresponding  free  aldehydes . 

In  collaboration  with  Dr.  V.  Rowe  of  NICHD,  a  study  has  been  made  of  the 
metabolism  of  p-chlorophenylalanine  in  rat  as  a  model  for  phenylketoneurea . 
Several  new  metabolites  of  p-chlorophenylalanine  as  well  as  p-hydroxyphenacetyl- 
glycine  have  been  identified  using  GC-MS  methods.   It  is  concluded  that  the 
p-chlorophenylalanine  treated  rat  is  a  poor  model  for  the  metabolism  of  human 
phenylketonexirics  in  spite  of  the  similarities  of  certain  symptoms. 

The  structure  of  a  compound  from  the  interaction  of  6 -phenyl ethyl amine  and 
methyl  coumalate  is  under  investigation  as  is  the  complete  series  of 
reactions  leading  to  it  (L.  Tsai,  Lab.  of  Biochem  NHLI,  and  H.  A.  Lloyd  and 
T.  Jaouni,  this  laboratory) .  Methyl  coumalate  is  an  especially  active 
electrophile  and  a  diene  as  well.   Its  high  degree  of  reactivity  appears  to 
be  a  promising  source  of  several  important  synthetic  intermediates. 

In  collaboration  with  Dr.  P.  R.  Sundarasen,  Lipids  Laboratory,  St.  Joseph 
Hospital,  Lancaster,  Pa.,  several  new  metabolites  of  retinoic  acid  have  been 
discovered  and  tentatively  identified  as  the  corresponding  ring  acids . 

In  Collaboration  with  E.  Weisburger,  NCI,  a  series  of  meta  substituted 
glutathione  conjugates  of  phenacetin  have  been  identified  as  the  major 
metabolites  in  rat.   The  structure  of  these  compounds  followed  from  their 
MS  and  nmr  spectra  along  with  certain  diagnostic  reactions. 

Further  works  on  the  substance  responsible  for  inhibition  of  mating  in 
drusophila  "the  crossleg  factor"  has  been  tentatively  identified  as  the  follow- 
ing: 

/  - 

I   CH^OH 

OOH  CHOHCH  OH 

60-P-OCH  CH  MH 

0 

In  collaboration  with  Dr.  F.  Irreverre,  NIAMDD,  we  have  elucidated  the 
structure  of  a  new  amino  acid.   This  compound  has  just  been  reported  also 
by  another  group,  and  we  suspect  it  may  be  a  fairly  common  amino  acid.   The 
structure  is  1-3-furoylalanine.   It  had  not  been  recognized  hitherto  he^-r  --^f 
it  gives  a  yellow  ninhydrin  color  in  spite  of  the  fact  that  it  is  an 
acid. 
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Honors   and  Awards: 

Publications: 

Brand,  J.  M. ,  Blirni,  M.  S.,  Fales,  H.  M.  and  MacConnell,  J.  G. 

Fire  Ant  Venoms:   Comparative  Analyses.   Toxicon.   10:259-271,  1972 

Longevialle,  P.,  Devissaguet,  P.,  Khuong-Huu,  Q.,  and  Fales,  H.  M. 

Spectrometrie  de  mass  par  ionisation  chimique  de  1 'holacurtine  et 

des  ses  derives.  C.  R.  Acad.  Sci.,  Paris,  Ser.  C,  273:1533-1535,  1971 

Dunlop,  P.,  Marini,  M.  A.,  Fales,  H.  M.,  Sokoloski,  E.  A.,  Martin,  C.  J. 
NMR  studies  of  the  reaction  of  formaldehyde  with  the  imidazole  side 
chain  of  histidine:  A  reactive  amino  acid  in  enzyme  catalysis. 
Bioorg.  Chem.   2^:235-247,  1973. 

Hedler,  L.,  Kaunitz,  H.,  Marquardt,  P.,  Fales,  H.  M.  and  Johnson,  R.  E. 
Detection  of  N-nitroso  compounds  by  gas  chromatogrphy  (Nitrogen  detector) 
in  soyabean  oil  extract.   Proc.  World  Health  Org.  lARC  on  N-nitroso 
compounds  and  formation  Oct.  13-15,  1971,  Heidelberg,  Germany 

Milne,  G.  W.  A.,  Fales,  H.  M.,  and  Colburn,  R.  W.  Chemical  ionization 
mass  spectrometry  of  complex  molecules :  Biogenic  amines .  Anal .  Chem . 
45:1952-1954,  1973 

Fales,  H.  M.   Some  examples  of  modern  mass  spectrometrie  techniques 
for  the  identification  of  organic  compounds  in  nature.   In  M.  Goto(ed.): 
New  Methods  in  Environmental  Chemistry  and  Toxicology,  Suson,  Japan 
1973,  pp.  10-30. 

Kingston,  D.  G.  I.,  and  Fales,  H.  M.  Methane  chemical  ionization  mass 
spectrometry  of  flavonoids.   Tetrahedron  29:4083-4085,  1974. 

Fales,  H.  M.,  Jaouni,  T.  M.  and  Babashak,  J.  F.   Simple  device  for 
preparing  ethereal  diazamethane  without  resortin  to  codistillation. 
Anal.  Chem.  45:2302  (1974) 

Blum,  M.  S.,  Wallace,  J.  B.,  and  Fales,  H.  M.   Skatole  and  tridecene: 
Identification  and  possible  role  in  a  chrysopid  secretion. 
Insec.  Biochem. 


<iuy 


Serial  No.   NHLI-59 

1 .      Laboratory  of  Chemistry 

2. 

3.   Bethesda,  Maryland  20014 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  Isolation  and  Characterization  of  Natural  Products 

Previous  Serial  Number:  NHLI  143 

Principal  Investigator:  H.  A.  Lloyd,  Ph.D. 

Other  Investigators:  None 

Cooperating  Units:  None 

Project  Description: 

1.  The  isolation  and  study  of  the  terpenes,   biflavones  and  bifavanones 
of  Schinus  terebinthifolius  was  pursued. 

2.  In  a  continued  study  of  the  "chinese  melon"  additional  small  amounts 
of  new  and  unknown  triterpene  alcohols  have  been  isolated. 

3.  Carcinogenic  polyphenols  (with  G.  J.  Kapadia,  Howard  University) . 

Two  plants  of  the  Leguminosae  family,  Acacia  villosa  and  Krameria  ixina, 
contain  extremely  potent  carcinogens  which  appear  to  be  condensed  or 
hydrolyzable  tannins.   Hydrolysis  of  the  extracts  followed  by  derivatization 
gave  mixtures  of  polyphenols,  hydroxyacids ,  flavones  and  sugars  which  were 
identified  by  gas  chromatography-mass  spectrometry.  A  separation  of  the 
individual  unstable  tannins  was  achieved  by  high  performance  liquid 
chromatography.  When  the  various  fractions  have  been  tested  for  physiological 
activity,  the  carcinogen-containing  portions  will  be  studied  further. 

4.  Insect  Pheromones  (with  M.  S.  Bliom,  University  of  Georgia) 

a)  termites  -  Extracts  from  the  gland  of  22  genera  or  species  of 
termites  have  been  examined  by  GC-MS.   Sixteen  monoterpene  hydrocarbons  were 
among  the  many  compounds  identified. 

b)  ants  -  Monoterpen  hydrocarbons  were  also  found  in  a  primitive 
Australian  ant,  Myrmecia  vindex.   (Work  done  for  C.  P.  Haskins ,  Carnegie 
Institution)  and  in  Myrmicaria  natalensis .   These  compounds  had  not  been 
observed  previously  in  ants. 

Five  species  of  Camponotus  ants  were  also  studied. 
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c)  Paridea  (swallowtail  butterfly)  larvae:   Mono  and  sesquitorpone 
hydrocarbons  and  alcohols  were  identified  among  many  other  compounds. 

d)  An  unknown  monoterpene   amine  C  H  N  was  isolated  from  the 
heads  of  a  millipede  species  from  North  Carolina. 

5.  A  synthesis  of   C-26  cholesterol  (for  G.  Assitian)  was  carried  out 
in  5  steps  starting  from  25-ketonorcholesteryl  acetate. 

13 

6.  The  mass  spectra,  proton  and   C  nmr  of  various  substituted  diphenyl 

cyclohexanones  were  studied  to  establish  the  stereochemistry  of  these 
compounds.   (with  F.  H.  Greenberg,  State  University  College  at  Buffalo,  NYU) 

7.  X-ray  Structure  Determination 

The  structure  and  absolute  configuration  of  the  synthetic  analgesic 
Viminol  was  determined  by  X-ray  crystallography,  (with  J.  V.  Silverton) . 
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Honors  and  Awards :  None 

Publications: 

Hydrocarbon  monoterpenes  in  an  ant.  J.  M.  Brand,  M.  S.  Blum  and 
H.  A.  Lloyd.   Annals  of  the  Entomol.  Soc .  of  America  0000,  1974. 
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1 .      Laboratory  of  Chemistry 

2. 

3.   Bethesda,  Maryland  20014 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:  X-ray  Crystallographic  Studies  of  Molecules  of 

Interest  for  Theoretical  Reasons  and  for  Under- 
standing of  Modes  of  Physiological  Actions 

Previous  Serial  Number:  NHLl-144 

Principal  Investigator:  J.  V.  Silverton 

Other  Investigators:  T.  Akiyama 

Cooperating  Units:  None 

Project  Description: 

PURPOSE; 

Investigations  by  x-ray  crystallography  of  molecules  of  interest  chemically 
or  physiologically  with  emphasis  on  problems  where  other  methods  are 
inconclusive.  Development  of  methods  for  extending  the  limits  of  size  in 
acentric  structural  problems . 

SUMMARY; 

Our  system  of  solution  of  centrosymmetric  problems  has  further  proven  itself 
in  the  successful  completion  of  two  problems  in  chemical  synthesis  and  in  a 
natural  product  structural  problem. 

The  use  of  direct  methods  solution  of  acentric  problems  by  means  of  the 
calculation  of  invariants  has  proven  an  effective  means  of  elucidating 
three  problems,  two  of  which  resisted  solution  by  previously  available 
methods  and  one  which  might  well  have  been  very  difficult  but  yielded 
easily  to  the  newer  techniques.  We  now  have  confidence  in  our  ability 
to  solve  structures  containing  up  to  about  50  heavier  atoms  and  are  prepared 
to  try  molecules  with  up  to  100  such  atoms  if  they  become  available. 

a)   The  stereochemistry  of  the  photoproducts  of  A-homocholestane-3-one. 
(with  T.  Akiyama  and  H.  Ziffer  (NIAMDD) ) . 

Differing  interpretations  of  stereochemistry  by  other  methods  made 
this  problem  one  which  could  only  be  solved  by  X-ray  crystallography.   The 
problem  coii5>letely  resisted  solution  by  our  previous  methods  but  yielded 
finally  to  the  newer  methods  without  any  great  difficulty. 
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The  structure  represented  an  inherently  difficult  and  unfortunately 
common  problem  in  crystallography,  space  group  P2  ,  and  the  successful 
solution  of  the  problem,  besides  having  implications  for  the  interpretation 
of  other  physical  measurements,  has  given  us  considerable  confidence  in  our 
ability  to  handle  this  space  group. 

by   The  structure  and  absolute  stereochemistry  of  the  synthetic 
analgesic  Viminol  twith  H.  A.  Lloyd). 

Although  not  a  P2  problem,  this  compound  also  resisted  solution 
by  standard  methods  for  reasons  probably  associated  with  the  range  of  atomic 
numbers  of  atoms  present.  Again  the  problem  yielded  to  the  calculation  of 
invariants  technique  and  has  been  refined  to  the  lowest  R-factor  ever 
obtained  in  this  laboratory:  2.9%. 

Since  the  four  stereoisomers  of  Viminol  have  different  physiological 
properties,  two  being  inactive,  one  an  analgesic  of  comparable  potency  to 
morphine  and  the  fourth  a  morphine  antagonist,  the  knowledge  of  the 
absolute  stereochemistry  may  be  very  useful  in  developing  theories  of 
analgesic  action. 

c)  Spergulagenin  A.  (with  T.  Akiyama) 

This  triterpene,  from  Mollugo  Spergula  L.,  resisted  chemical 
deduction  of  its  structure.  Although  it  possesses  38  heavier  atoms,  it 
was  solved  readily  by  the  new  techniques.   The  results  indicate  that  it 
possesses  a  previously  unreported  migrated  hopane  skeleton. 

d)  The  structures  of  l-hydroxy-9-0-acetyl-2-8-dicarbomethoxy-tetra- 
cyclo  [4.3.0  '  .0  '   .0  '  ]  and  a  related  deacetylated  compound  (with 

T.  Akiyama) . 

These  two  compounds  obtained  from  Drs .  U.  Weiss  and  K.  Rice  (NIAMDD) 
were  readily  solved  by  means  of  our  centrosymmetric  symbolic  addition 
methods  and  the  results  have  elucidated  several  difficult  problems  in 
chemical  synthesis . 

e)  The  structure  of  cysteine  diHCl  (Cu  doped) (with  S.  Kominami  -NCI) . 

Although  a  rough  structure  could  be  deduced  from  previous  work  on 
hydrobromides ,  accurate  parameters  were  necessary  for  interpretation  of 
E.S.R.  spectra.   The  structure  was  a  fairly  standard  heavy  atom  problem 
and  was  successfully  elucidated  although  Dr.  Dominami  had  no  previous 
experience  in  our  methods . 
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f)  The  structxire  of  mellotin  (with  H.  M.  Fales)  . 

While  considerable  physical  and  chemical  information  was  available 
on  this  compound,  the  determination  of  the  chemical  structure  had  reached 
an  impasse.  The  problem  was  solved  smoothly  with  our  centrosymmetric 
techniques  and  the  results  are  interesting  in  that  the  basic  structure,  a 
seven  membered  ring  linked  to  a  4-quinolinone  has  not  been  previously 
reported. 

Honors  and  Awards:   None 

Publications: 

Bright,  W.  M. ,  Langs,  D.  A.,  Silverton*  J.  V^ ,  Ziffer,  H.  and  Eisner,  U. 
Tetraethyl  3,9-diazahexacyclo  (6.4.0  '  .0  '   .0  '   )dodecane-l,5,7, 
ll-tetracarbo3^1ate .  Cryst.  Struc.  Comm.  3^,  1,  1974. 

Kitagawa,  I.,  Suzuki,  H.,  Yusioka,  I.,  Akiyama,  T.,  and  Silverton,  J.  V. 
Structure  of  Spergulagenin  A  Isolated  from  Mpllugo  Spergula  L. 
Possessing  a  New  Migrated  Hopane  Skeleton.  Tetrahedron  Letters  0000, 
1974. 

Tsay,  y.  H.  and  Silverton,  J.  V.:   The  crystal  structure  of  magnesium 
paratungstate ,  Mg  H  W  0   .38H  0.   Zeitschrift  f ur  Kristallographie , 
137  (1973)  256-279.^  ^^  ^ 
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f)   The  structure  of  mellotin  (with  H.  M.  Fales) . 

While  considerable  physical  and  chemical  information  was  available 
on  this  compound,  the  determination  of  the  chemical  structure  had  reached 
an  impasse.  The  problem  was  solved  smoothly  with  our  centrosymmetric 
techniques  and  the  results  are  interesting  in  that  the  basic  structure,  a 
seven  membered  ring  linked  to  a  4-quinolinone  has  not  been  previously 
reported. 
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1974. 
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paratungstate ,  Mg  H  W  0   .38H  0.   Zeitschrift  fur  Kristallographie, 
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1 .     Laboratory  of  Chemistry 

2, 

3.   Bethesda,  Maryland  20014 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  The  Characterization  of  Natural  Materials 

Previous  Serial  Number:  NHLI  146 

Principal  Investigator:  R.  J.  Highet,  Ph.D. 

Other  Investigators:  None 

Cooperating  Units :  None 

Project  Description: 

1.  Study  of  the  spin-lattice  relaxation  times  of  a  series  of 
phospholipids  enriched  in  C-13  at  specific  locations  has  been  carried  out 
with  E.  A.  Sokoloski  and  G.  Assmann.  The  variations  of  these  properties 
reflects  the  mobility  of  the  observed  site.   Thus  in  vesicles  in  aqueous 
medium,  the  observed  relaxation  times  are  shorter  for  the  hydrophilic  ends 
held  rigidly  at  the  surface  than  of  the  hydrophobic  ends  within  the  body 

of  the  particle.   These  studies  have  thus  been  shown  to  be  a  valuable  means 
of  characterizing  such  complexes  and  structures. 

2.  In  collaboration  with  H.  M.  Fales  of  this  Laboratory,  the 
alkaloidal  material  from  Amaryllis  tazetta  responsible  for  the  inhibition 
of  the  DNA  polymerase  of  an  oncogenic  virus  has  been  examined,  and  shown  to 
be  most  probably  pretazettine . 

3.  Examination  of  the  C-13  spectra  of  cyclohexanediols  in  collaboration 
with  H.  Ziffer  of  NIAMDD  has  been  extended  to  a  series  of  triterpenoids 

of  known  structure  and  stereochemistry.   These  shifts  are  changed  by  more 
shielding  by  groups  three  bonds  away  and  in  a  gauche  or  eclipsed  position 
but  are  deshielded  by  groups  four  bonds  away  and  in  a  syn-diaxial  position. 
They  thus  provide  insight  into  the  conformation  of  molecules. 

4.  The  C-13  spectra  of  a  series  of  plant  products  have  been  examined 
to  learn  how  they  can  facilitate  the  elucidation  of  the  structure  of 
unknown  materials. 

a.   (With  the  Northern  Regional  Research  Laboratory  of  the 
Department  of  Agriculture) .  The  alkyl  chain  of  a  chromanone  acid  from 
Calophyllum  brasilense  has  been  shown  to  be  n-butyl,  establishing  the 
structure  as  2^:   most  of  the  chemical  shifts  of  the  remaining  carbons  could 
be  assigned  specifically,  consistent  with  this  structure. 
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b.   (with  the  same  laboratory) .  An  unknown  diterpene  from  a 
Potomegon  sp.  has  been  examined,  with  results  consistent  with  structure  2. 
The  C-13  spectrum  established  the  presence  of  the  furan  and  exocyclic 
methylene  specifically,  but  the  assignment  of  the  remaining  resonances 
requires  fvirther  study. 


c.   (With  G.  W.  Perold  of  the  University  of  the  Witwatersrand, 
Johannesburg,  a  visiting  scientist  in  this  laboratory) .  A  series  of  plant 
phenolics  from  South  African  Proteaceae  have  been  examined  by  C~13  and  proton 
INDOR  spectra.   The  structvire  of  the  uncharacterized  material,  nobilin, 
was  thus  shown  to  be  3. 


Honors  and  Awards:   None 

Publications:   Assmann,  G.,  Highet,  R.  J.,  Sokoloski,  E.  A.  and  Brewer,  B.  H 
C-3-  NMR  Spectroscope  of  Native  and  Recombined  Lipoproteins . 
Proc.  Nat.  Acad.  Sci.,  in  press. 
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Other  Investigators:     None 

Cooperating  Units      :   None 

Project  Description: 

The  laboratory  is  now  able  to  measure  electron  ionization  (EI)  and  chemical 
ionization  CCI).  mass  spectra,  at  high  or  low  resolving  power  and  EI  mass 
spectra  may  be  measured  on  the  eluate  from  a  gas  chroma tograph .   These 
operations  are  all  now  thoroughly  routine  and  are  being  brought  to  bear  on 
a  wide  variety  of  problems  in  biochemistry. 

The  reported  observations  of  plasticizers  in  human  tissue  has  been  carefully 
restudied  and  a  gas  chromatographic  screen  for  dioctyl  and  dibutyl  phthalates, 
sensitive  at  the  5  yg/lOO  ml  level  in  whole  blood  has  been  developed.  With 
this  analytical  procedure,  it  was  demonstrated  that  neither  of  these  most 
common  plasticizers  was  present  at  this  level  in  blood  samples  from  25 
normal  volunteers . 

Chemical  ionization  mass  spectrometry  has  been  shown  to  be  particularly  well 
suited  to  the  detection  in  small  amounts  of  the  "biogenic  amines"  such  as 
dopamine  and  epinephrine.  The  method  is  now  under  further  study  in  LCS-NIMH 
(R.  W.  Colburn) . 

The  chemical  ionization  mass  spectra  of  steroidal  amino  alcohols  can  be  used 
quite  reliably  to  detect  intramolecular  hydrogen  bonding.   This  in  turn 
permits  stereochemical  assignments  in  the  molecules  to  be  made .   This  work 
was  done  in  collaboration  with  P.  Longevialle,  Gif-sur-Yvette,  France. 

Cathepsin-C  digestion  of  proteins  leads  to  the  release  of  N-terminal 
dipeptides,  methods  of  identification  of  which  have  not  been  developed.   In 
collaboration  with  BI  Halpern  (Wollongong  University,  Australia)  a  very  rapid 
method  for  derivatizing  the  dipeptides  as  their  N-acetylacetonyl  methyl 
esters  has  been  established.   These  derivatives  can  be  identified  from  their 
EI  and  CI  mass  spectra,  taken  together  or,  more  effectively,  from  their 
CI  (H  )  mass  spectra  taken  alone. 
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The  role  of  anchimeric  assistance  in  CI  mass  spectrometry  has  been  explored 
further  (with  Dr.  T.  Sun  of  this  laboratory)  and  some  general  rules  governing 
this  phenomenon  have  been  defined. 

A  critical  comparison  has  been  made  Cwith  J.  D'Amico,  FDA,  and  H.  D.  Beckey, 
University  of  Bonn,  Germany)  of  the  field  desorption,  field  ionization, 
electron  ionization  and  chemical  ionization  methods  in  organic  mass 
spectrometry.  The  results  indicate  clearly  that  the  methods  con^lement  one 
another. 

An  extensive  review  of  these  major  methods  of  ionization  mass  spectrometry 
has  been  completed  (with  M.  J.  Lacey,  CSIRO,  Canberra,  Australia) . 

As  part  of  a  larger  study  (with  J.  Silverton  of  this  laboratory)  the  crystal 
structure  of  a  representative  of  the  4,2,2-propellane  system  has  been 
established  and  has  shown,  in  particular,  that  the  length  of  the  central  bond 
of  the  system  falls  within  normal  limits. 

With  S.  J.  Kim  (LM,  NIAID)  the  biosynthesis  of  ergosterol  in  Aspergillus 
fennelliae  and  the  pathogen,  Cryptococcus  neoformans  has  been  established 
by  a  combination  of  gas  chromatography,  mass  spectrometry  and  nuclear  magnetic 
resonance  spectroscopy . 

Honors  and  Awards:  None 
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in  blood  -  real  or  artif actual?  Environmental  Health  Perspectives, 
pp.  139-140  11973) . 

Milne,  G.  W.  A.,  Fales,  H.  M.,  and  Colburn,  R.  W.:   Chemical  ionization 
mass  spectrometry  of  coirplex  molecules.  X.  Biogenic  amines.  Anal. 
Chem.,  45:  1952-1954,  1973. 

Longevialle,  P.,  Milne,  G.  W.  A.,  and  Fales,  H.  M. :   Chemical  ionization 
mass  spectrometry  of  complex  molecules.  XI.  Stereochemical  and 
conformational  effects  in  the  isbutane  chemical  ionization  mass 
spectrometry  of  some  steroidal  amino  alcohols.  J.  Amer.  Chem.  Soc.  95: 
6666,  1973. 

Milne,  G.  W.  ?.  and  Lacey,  M.  M.  Modern  ionization  techniques  in  mass 
spectrometry.   Crit.  Reviews  in  Anal.  Chem.,  in  press. 


J>/3 


Serial  No.    NHLI-63 

1.      Laboratory  of  Chemistry 

2. 

3.   Bethesda,  Maryland  20014 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:  The  Use  of  Digital  Computing  in  Problems  in 

Biochemistry 
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Principal  Investigator:   G.  W.  A.  Milne,  Ph.D. 

Other  Investigators:     None 

Cooperating  Units:       None 

Project  Description: 

The  Mass  Spectral  Searching  System  (MSSS)  developed  in  collaboration  with 

S.  Heller  (EPA)  and  D,  Maxwell  CUKAEA,  Aldermaston,  England)  has  been  greatly 

expanded  and  its  present  status  is  as  follows. 

The  file  now  has  some  13,000  entries.  Efforts  are  currently  being  made  by 
EPA  to  (1)  acquire  the  file  copyrighted  by  John  Wiley,  Inc.   This  would  add 
about  25,000  entries  to  the  present  file,  and  (2)  check  the  existing  data  and 
collect  new  data.   This  work,  being  done  under  contract  to  EPA  by  F.  W. 
McLafferty,  Cornell  University,  will  also  add  some  25,000  entries.   After 
duplicates  have  been  removed,  the  file  should  have  between  30,000  and  40,000 
entries. 

The  programmes  for  searching  the  file  have  been  expanded  and  made  available, 
via  the  GE  time-sharing  network,  to  the  international  scientific  community 
on  a  fee-for-use  basis.   The  data  base  has  been  successfully  used  from  (e.g.) 
Europe,  Japan  and  Australia. 

New  searching  routines  that  have  been  added  to  the  basic  data  retrieval 
system  include  a  search  for  losses  in  the  mass  spectrum,  a  program  that  will 
quantitatively  compare  two  mass  spectra,  a  graphics  package  that  permits  use 
of  the  system  from  a  CRT  terminal  on  which  mass  spectra  and  chemical 
structures  can  be  drawn  and  a  "coded"  search,  in  which  the  Aldermaston  code 
may  be  used  as  a  "screen"  in  the  search.   Thus  the  computer  will  retrieve 
only  (e.g.)  esters  whose  mass  spectral  data  is  consistent  with  the  input 
data. 
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The  work  on  pattern  recognition  techniques  has  been  continued,  in 
colleiboration  with  K.  -L.  Ting  and  M.  Shapiro  (CSL,  DCRT)  and  A.  M.  Guarino 
(LT,  NCI) .   Results  obtained  indicate  that  classification  of  a  CNS  depressant 
as  either  a  sedative  or  a  tranquilizer  can  be  effected  with  a  high  degree 
of  reliability  using  pattern  recognition  techniques  applied  to  the  mass 
spectrum  of  a  compound.  The  use  of  methods  of  this  sort  as  preliminary 
pharmacological  screens  has  been  proposed  and  is  under  further  study  in  NCI . 
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evolution  of  a  system  for  the  retrieval  of  mass  spectral  information. 
J.  Chem.  Doc.  13:  139,  1973. 


ANN^L  REPCXIT  OF  THE 

LABORATORY  OF  KIDNEY  AND  ELECTROLYTE  METABOLISM 

NATIONAL  HEART  AND  LUNG  INSTITUTE 

July  1,  1973  through  June  30,  1974 

The  Laboratory  of  Kidney  and  Electrolyte  Metabolism  has  made  a  number 
of  significant  advances  in  the  elucidation  of  the  mechanism  of  electrolyte 
transport  in  kidney,  toad  bladder,  avian  erythrocyte,  and  heart  muscle, 
only  the  first  three  will  be  summarized  in  the  annual  report.  Thgt  con- 
cerning excitation-contraction  coupling  in  heart  muscle  is  discussed  in 
detail  in  an  appended  individual  summary. 

Isolated  segments  of  renal  tubules; 

The  technique  of  perfusing  isolated  segments  of  renal  tubules  in  vitro 
developed  in  this  laboratory,  has  proved  valuable  as  a  means  of  studying 
kidney  function.  As  detailed  in  previous  reports,  direct  study  of  various 
previously  inaccessible  nephron  segments  has  revealed  a  surprising  diversity 
of  function  between  the  different  parts  of  the  tubule  (of  v^ich  there  are 
eight  in  mammalia)  and  has  uncovered  a  number  of  unexpected  processes.  Im- 
portant examples  include:   1)  an  active  chloride  transport  system  discovered 
in  the  thick  ascending  limb  of  Henle's  loop,  2)  the  action  of  diuretics, 
\rtilch  were  found  to  inhibit  chloride  transport  in  this  segment,  3)  char- 
acterization of  the  interaction  of  vasopressin  and  the  cyclic  AMP  system  in 
the  cortical  collecting  tubule,  4)  analysis  of  the  active  sodium  and  potas- 
sium transport  system  in  the  cortical  collecting  tubule  and  of  the  organic 
acid  and  glucose  transporting  systems  in  proximal  tubules,  and  5)  studies 
of  the  complex  mechanism  governing  fluid  absorption  in  the  proximal  tubule . 
The  latter  continues  to  be  eiiq>hasized  in  our  present  work. 

Transport  in  the  proximal  tubule  accounts  for  over  half  the  reabsorp- 
tion  of  glomerular  filtrate.  Despite  extensive  study  in  vivo  using  micro- 
puncture  technique  there  is  little  agreement  on  the  mechanism  of  fluid 
transport.  Numerous  transport  processes  which  are  present  in  other  tissues 
have  been  invoked  to  explain  the  findings  in  proximal  tubules,  but  none  has 
proved  completely  satisfactory.  Factors  vAich  contribute  to  the  difficulty 
in  resolving  the  issue  include:   1)  The  proximal  tubule  is  extremely  leaky 
to  water  and  various  solutes,  so  that  the  small  electrochemical  differences 
which  are  formed  across  the  epithelium  during  transport  could  be  Important 
factors,  and  are  difficult  to  measure  and  control.  2)  The  pertinent  pro- 
cesses may  be  compartmentalized  within  the  tissue  in  such  a  way  that  they 
are  difficult  to  analyze  in  the  classical  fashion  from  the  externally  ob- 
served forces  and  flows.   3)  There  may  be  complex  interactions  between  the 
various  transported  substances.  The  isolated  preparation  provides  for  more 
stringent  control  of  the  experimental  conditions  than  does  micropuncture  and 
for  this  reason  is  an  especially  useful  ap^'roach. 

In  our  previously  reported  studies  of  the  Isolated  perfused  rabbit 
proximal  convoluted  tubule  the  fluid  absorption  rate,  electrical  trans - 
epithelial  potential  difference  (P.D.)  and  resistance,  permeability  to  NsCl 
and  water,  and  the  change  in  composition  of  the  tubule  fluid  during  reabscro- 
tlon  were  measured  with  serum  ultrafiltrate  as  perfusate  and  rabbit  serum 
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in  the  bath.  The  present  studies  were  initially  directed  at  developing  arti- 
ficial perfusates  and  baths  which  would  sustain  function  of  the  tubules, 
since  it  is  difficult  to  control  and  alter  the  composition  of  the  serum  and 
ultrafiltrate .  The  artificial  solutions  finally  developed  contain  inorganic 
salts  similar  to  the  usual  Krebs-Ringer  buffer  plus  the  organic  substrates 
citrate,  lactate,  glucose,  alanine,  and  (in  the  bath  only)  albumin.  With 
these  artificial  solutions,  fluid  absorption  rate  and  P.D.  were  maintained 
for  several  hours  at  a  level  similar  to  that  found  with  serum  and  ultra- 
filtrate.  The  organic  solutes  proved  to  be  very  inq)ortant  for  fluid  absorp- 
tion and  P.D.  In  their  absence  the  fluid  absorption  rate  fell  by  75%  and  the 
P.D.  (usually  negative  in  the  lumen)  fell  to  zero.  All  of  the  organic  solutes 
mentioned  above  had  some  effect.  Omitting  albumin  from  the  bath  caused  fluid 
absorption  to  fall  by  30%  without  any  change  in  the  P.D.  When  citrate, 
lactate,  alanine,  and  glucose  were  omitted  from  the  bath  only,  there  was  no 
change,  but  their  omission  from  the  perfusate  led  to  a  50  to  75%  decrease  in 
fluid  absorption  rate  and  a  fall .in  the  P.D.  to  zero.  Based  on  other  studies, 
we  know  that  the  citrate,  lactate,  alanine,  and  glucose  are  transported  out 
of  the  tubule  lumen  in  this  segment.  It  is  possible  that  they  accelerate 
fluid  absorption  by  the  mechanism  proposed  to  explain  a  similar  phenomenon 
in  the  intestine.  The  theory  is  that  sodium  and  the  non -electrolyte  are 
cotransported  across  the  lumen  membrane  of  the  cells,  leading  to  enhanced 
transport  of  each  when  both  are  present.  The  organic  solutes  are  also 
metabolized,  however,  and  this  could  provide  additional  energy  for  transport. 
In  addition,  there  are  other  plausible  explanations  for  the  interaction,  and 
our  future  efforts  will  be  directed  at  distinguishing  between  these  possi- 
bilities . 

In  proximal  convoluted  tubules,  reabsorption  of  the  non-electrolytes 
and  bicarbonate  from  the  tubule  fluid  leads  to  changes  in  the  NaCl  con- 
centration and  electrical  P.D.  which  have  been  invoked  by  others  as  possible 
important  factors  enhancing  fluid  absorption  as  a  result  of  passive  move- 
ment down  the  electrochemical  gradients  which  are  formed.  Previously, 
(1972-1973),  using  serum  and  ultrafiltrate  we  were  unable  to  confirm  such 
a  role  for  the  change  in  the  lumen  chloride  concentration  and  P.D.  This 
problem  will  be  further  investigated  using  artificial  solutions,  as  will 
the  effect  of  diuretic  agents  (hydrochlorthiazid,  acetazolamide,  amiloride, 
ethacryric  acid  and  mersalyl) ,  and  the  mechanism  of  enhancement  of  fluid 
absorption  by  the  organic  solutes  which  was  alluded  to  above. 

Another  important  aspect  of  the  function  of  renal  tubules  is  the 
relation  between  urinary  acidification  and  the  excretion  of  electrolytes . 
This  is  being  investigated  both  in  the  proximal  tubule  and  in  the  cortical 
collecting  tubule  of  the  rabbit.  It  has  been  suggested  that  in  the  proximal 
tubule,  sodium  reabsorption  is  coupled  to  the  secretion  of  hydrogen  ion 
(urinary  acidification)  .  In  order  to  investigate  this  and  other  related 
questions  we  have  developed  improved  microtechniques  for  measuring  urinary 
acidification.  Measurement  of  bicarbonate  is  important  since  it  is  the 
major  buffer  in  the  filtrate.   In  collaboration  with  Dr.  Jerry  Vurek  we  have 
developed  and  tested  a  new  instrument  ("picapno therm")  to  measure  bicarb- 
onate (total  CO2)  in  tubule  fluid.  By  its  use  we  are  presently  assessing 
the  degree  to  which  bicarbonate  concentration  decreases  during  reabsorption 
from  the  tubule  fluid  in  proximal  straight  tubules.  In  addition  we  are 
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fabricating  mlcroglass  pH  electrodes .  We  will  use  these  instruments  to 
study  acidification  in  the  various  nephron  segments. 

It  has  long  been  known  that  there  is  a  reciprocal  relationship  be- 
tween urinary  acidification  and  excretion  of  potassium.  The  mechanism 
involved  is  being  examined  by  means  of  studies  of  isolated  cortical  collect- 
ing tubules .  The  previous  theories  were  that  potassium  and  hyrogen  ions 
might  conqjete  for  transport  out  of  the  tubule  cells  Into  the  urine  or, 
alternatively  that  an  Increase  in  cell  hydrogen  ion  concentration  caused  by 
systemic  acidosis,  might  be  accompanied  by  a  decrease  in  potassium  concen- 
tration in  renal  tubule  cells,  leading  to  the  altered  urinary  excretion  of 
potassium  and  acid.  Our  observation  (which  does  not  seem  to  fit  either 
previous  theory)  is  that  a  lower  pH  of  the  tubule  fluid  per  se  causes  less 
potassium  to  be  secreted  into  the  tubule  fluid.  Hhen  the  collecting  tubules 
were  perfused  with  a  more  acid  solution  (pH  7 .4  changed  to  pH  6 .8)  there  was 
a  45%  decrease  in  potassium  secretion,  without  any  change  in  sodium  reab- 
sorption.   The  P.D.,  which  is  normally  negative  in  the  lumen  became  more 
negative.  On  the  basis  of  our  previous  studies  we  believe  that  the  P.D.  is 
caused  by  active  sodium  reabsorptlon  and  normally  is  short  circuited  by 
active  potassium  secretion  (since  this  is  in  the  opposite  direction) .  Thus, 
the  more  acid  solution  in  the  lumen,  somehow  inhibited  active  potassium 
transport  and  thereby  resulted  In  an  increase  in  the  P.D.  The  change  in 
P.D.  does  not  occur  if  the  bath  is  acidified  or  if  an  equivalent  pH  gradient 
is  caused  by  alkallnizing  the  bath  rather  than  acidifying  the  fluid  in  the 
lumen.   In  order  to  identify  the  mechanism  by  which  the  change  in  pH  of  the 
fluid  in  the  lumen  alters  potassiimi  transport,  we  plan  to  use  methods  pre- 
viously developed  in  this  laboratory  to  measure  cell  potassium  content  and 
the  kinetics  of  potassium  transport  across  the  luminal  and  contraluminal 
cell  membranes . 

Our  concept  of  the  nature  of  the  transport  processes  occurring  in  the 
distal  nephron  was  altered  by  the  previous  findings  from  this  laboratory, 
that  in  the  thick  ascending  limb  of  Henle's  loop  (vAiich  is  the  earliest 
distal  segment)  NaCl  reabsorptlon  is.  accoiqilished  by  active  chloride  trans- 
port while,  in  contrast,  NaCl  reabsoirption  from  the  cortical  collecting 
tubule  (a  later  segment)  Is  accomplished  by  active  sodium  transport.  The 
previous  studies  were  limited  to  rabbit  renal  tubules.  The  findings  have 
now  been  generalized  by  studies  in  amphibia.  The  various  distal  nephron 
segments  were  dissected  from  frogs,  toads,  or  salamanders.  Although 
amphibia  do  not  have  a  loop  of  Henle,  the  functional  anatomy  of  their  distal 
tubule  turned  out  to  be  similar  to  that  in  the  rabbit.  The  earliest  distal 
segment  reabsorbed  NaCl  at  a  rapid  rate,  owing  to  active  chloride  transport, 
and  diluted  the  urine.  We  have  named  this  previously  unrecognized  region  of 
the  amphibian  tubule  the  "diluting  segment."  The  later  portion  of  the  distal 
nephron  in  the  amphibia  was  found  to  transport  sodium  actively,  and  thus  is 
analogous  to  the  cortical  collecting  tubule  of  the  rabbit.  We  plan  addi- 
tional studies  of  these  amphibian  distal  nephron  segments  by  electron  micro- 
scopy to  see  if  there  are  anatomical  differences  between  them  corresponding 
to  the  functional  differences  and  also  to  determine  ^irhich  segments,  if  any, 
respond  to  the  antidiuretic  hormone. 
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Toad  Bladder; 

Although  the  hormones  aldosterone  and  vasopressin  have  long  been  known 
to  be  of  importance  in  controlling  renal  salt  and  water  excretion,  it  is  only 
recently  that  we  have  begun  to  imderstand  their  action  on  a  cellular  level. 
The  toad  bladder  has  proved  to  be  extremely  useful  as  a  model  transporting 
epithelial  membrane  for  studying  the  cellular  effects  of  these  hormones.  On 
the  basis  of  the  early  work  of  Sutherland  and  Rail,  investigators  in  this 
laboratory  proposed  and  experimentally  verified  the  theory  that  cyclic  AMP 
is  the  cellular  mediator  of  vasopressin  action  in  the  toad  bladder.  This 
concept  has  been  widely  confirmed  and  has  been  shown  in  this  laboratory  to 
apply  also  to  the  mammalian  collecting  tubule. 

Subsequently,  we  have  studied  the  effects  of  other  hormones  and  drugs 
on  action  of  vasopressin.  For  example,  we  have  demonstrated  that  aldosterone 
enhances  the  effect  of  vasopressin  and  that  this  is  the  result  of  inhibi- 
tion by  the  steroid  of  the  enzyme  cyclic  nucleotide  phosphodiesterase  ii^ich 
normally  inactivates  cyclic  AMP.  Other  studies  in  this  laboratory  have 
shown  that  some  agents  that  affect  the  response  of  the  toad  bladder  and 
mammalian  kidney  to  vasopressin  (e.g.,  prostaglandins  and  adrenergic  agents) 
act  by  altering  cyclic  AMP  metabolism,  whereas  others,  such  as  chlorpropamide, 
do   not  alter  cyclic  AMP  metabolism  and  presumably  act  at  a  later  site  in 
the  permeability  response.  The  next  steps  are  to  examine  the  metabolism  of 
cyclic  AMP  in  epithelial  cells,  to  identify  the  biochemical  sites  of  action 
of  cyclic  AMP  and  to  relate  these  sites  to  the  permeability  and  transport 
effects  of  vasopressin. 

Our  current  studies  of  cyclic  AMP  metabolism  are  concerned  with  binding 
of  the  nucleotide  within  the  epithelial  cells.  The  important  finding  is 
that  a  substantial  fraction  of  intracellular  cyclic  AMP  is  inactive,  pre- 
sumably due  to  sequestration  or  binding.  Part  of  the  evidence  for  this  is 
that  although  the  concentration  of  cyclic  AMP  rises  in  toad  bladder  epithe- 
lial cells  in  response  to  vasopressin,  fractional  change  in  concentration  is 
small  compared  to  the  very  large  fractional  increase  in  permeability  elicited 
by  the  hormone.  A  further  consideration  is  that,  if  the  amount  of  cyclic 
AMP  measured  in  the  epithelial  cells  of  control  bladders  were  uniformly  dis- 
tributed in  cell  water,  the  concentration  of  cyclic  AMP  would  be  so  high  as 
to  activate  enzymes  known  to  be  inactive  under  these  conditions.  Presumably 
the  concentration  of  "free"  cyclic  AMP  is  lower  than  estimated  from  measure- 
ment of  total  cyclic  AMP  or  it  is  sequestered  from  the  enzymes  it  activates. 
Proteins  vAiich  bind  cyclic  AMP  are  present  in  the  toad  bladder.   In  our 
experiments,  bound  cyclic  AMP  is  operationally  defined  as  cyclic  AMP  in 
homogenates  of  toad  bladder  epithelial  cells  that  is  not  degraded  by  the 
enzyme  cyclic  nucleotide  phosphodiesterase.  A  preparation  of  vasopressin 
responsive  epithelial  cells,  free  of  stroma,  has  been  developed  for  this 
study.  The  concentration  of  cyclic  AMP  in  whole  homogenates  falls  to  50% 
of  initial  levels  after  10  min  incubation  at  20°C.  The  remainder  most  likely 
is  bound  since  the  concentration  of  cyclic  AMP  at  10  min  was  the  same  regard- 
less of  v^ether  exogenous  cyclic  AMP  and/or  exogenous  cyclic  nucleotide 
phosphodiesterase  had  been  added.  One  possibility  is  that  the  cyclic  AMP 
is  actually  sequestered  in  particles  of  broken  cells  rather  than  bound. 
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In  order  to  test  for  true  binding,  40,000  x  g  supernatant  solutions  are 
being  examined.  At  pH  5.0,  cyclic  AMP  in  the  supernatant  solution  is  stable 
up  to  40  min  at  4"C.  In  contrast,  60%  of  added  cyclic  AMP  is  destroyed  under 
these  conditions.  Current  efforts  are  directed  at  further  defining  the 
nature  of  the  binding  of  cyclic  AMP  in  the  supernatant  solution.  It  is  pos- 
sible that  the  binding  and  subsequent  release  of  cyclic  AMP  in  these  cells  is 
an  iiiq>ortant  controlling  factor  in  the  regulation  of  its  action. 

Studies  regarding  the  target  of  cyclic  AMP  action  and  the  nature  of  the 
permeability  change  which  is  elicited,  are  based  on  the  observations  of 
others  that  in  some  tissues  cyclic  AMP  Increases  the  activity  of  cyclic  AMP 
dependent  protein  kinase,  an  enzyme  that  catalyses  the  transfer  of  the  y 
phosphate  from  ATP  to  certain  proteins,  thereby  altering  their  activity.  We 
and  other  investigators  have  identified  cyclic  AMP  dependent  protein  kinase 
activity  in  homogenates  of  the  toad  bladder.  Our  objective  Is  to  charac- 
terize the  protein  kinase(s)  in  the  Intact  toad  bladder,  as  well  as  the 
protein  substrate(s)  which  are  activated  and  which  presumably  are  the 
effectors  of  the  change  in  water  permeability  and  sodium  transport.  In  the 
present  study,  toad  bladder  proteins  that  have  been  phosphorylated  in  vivo 
or  in  vitro  are  separated  by  SDS  polyacrylamide  gel  electrophosesis .  As 
indicated  in  a  preliminary  report  from  another  laboratory,  peak  phosphory- 
lation occurs  In  a  protein  with  an  approximate  molecular  weight  of  50,000. 
Although  the  proteins  phosphorylated  in  homogenates  may  be  important  for  the 
specific  action  of  vasopressin,  this  is  difficult  to  prove.  Therefore,  we 
are  attempting  to  label  the  phosphoprotelns  in  intact  cells  with  33p. 
Initially,  it  was  difficult  to  Incorporate  sufficient  radioactivity  into 
these  phosphoprotelns,  but  this  practical  difficulty  has  now  been  resolved. 
In  further  studies  we  will  attempt  to  relate  phosphorylation  to  transport 
events  in  the  intact  tissue,  and  to  Identify  the  protein  substrate  and  the 
location  of  the  protein  kinase . 

Avian  Erythrocytes; 

It  is  generally  accepted  that  animal  cells  behave  like  osmometers  in 
that  their  volume  is  determined  by  the  amount  of  osmotically  active  solute 
that  they  contain,  especially  the  salts  of  sodium  and  potassium.  Previously, 
it  was  believed  that  the  intracellular  sodium  and  potassium  contents  (and 
thus  volume)  were  regulated  by  active  transport  via  the  classical  ouabain- 
sensitive  Na  and  K  pump.  Recent  studies  of  avian  erythrocytes  in  this 
leJsoratory  indicate,  however,  that  additional  processes  are  important. 

As  documented  in  our  earlier  reports,  when  the  volvune  of  duck 
erythrocytes  is  altered  by  changing  the  osmolality  of  the  suspending  medium, 
they  spontaneously  return  to  their  original  volvmie.  In  the  case  of  swollen 
cells  (i.e.  those  suspended  in  hypotonic  solutions),  shrinking  back  to  the 
original  size  is  acc<»nplished  by  a  large  i.icrease  in  potassium  permeability 
allowing  potassium  salts  to  leak  out  of  the  cell,  followed  by  water.  During 
the  past  yeeir  attention  has  been  directed  to  the  recovery  of  shrunken  cells 
(i.e.  those  suspended  in  hypertonic  media).  Although  these  cells  swell 
back  to  their  original  volume  (provided  the  medium  potassium  concentration 
is  elevated),  the  mechanism  involved  is  not  as  simply  explained.  Basically 
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the  process  is  due  to  net  uptake  of  potassium  salts,  but  not  via  the  clas- 
sical sodium  and  potassium  pump.   (Ouabain  does  not  prevent  salt  uptake 
and  swelling,  although  it  does  cause  some  sodium  as  well  as  the  potassium 
to  be  taken  up.)  The  swelling  is  also  accompanied  by  a  large  increase  in 
potassium  permeability,  but  this  alone  cannot  explain  the  result,  since  as 
noted  above,  it  would  cause  potassium  salts  to  leak  out  of,  not  into  the 
cells . 

Investigation  of  the  mechanism  of  recovery  of  shrunken  cells  has  been 
facilitated  by  the  previous  observation  that  the  apparently  identical 
process  can  be  induced  by  norepinephrine.   It  was  found  that  duck 
erythrocytes  shrank  when  placed  In  isosmotic  salt  solutions,  compared  to 
their  normal  volume  In  plasma .  Low  concentrations  of  norepinephrine  in 
the  medium  caused  the  shrunken  cells  to  swell  back  to  their  normal  volume. 
Dibutyryl  cyclic  AMP  had  the  same  effect,  suggesting  that  the  humoral 
mechanism  operates  through  cyclic  AMP,  Norepinephrine  causes  an  Increase 
in  potassium  permeability  similar  to  that  Induced  by  shrinking  in  hypertonic 
media,  and  since  the  norepinephrine  response  is  technically  easier  to  study, 
it  was  used  for  much  of  what  follows. 

As  noted  above,  the  observed  increase  in  potassium  permeability 
cannot  by  itself  explain  the  recovery  of  shrunken  cells  since  the  electro- 
chemical activity  of  potassium  in  the  red  cells  is  higher  than  in  the 
medium.  A  possible  explanation  for  the  uptake  of  potassium  involves  the 
observation  that  sodium  as  well  as  potassium  permeability  is  increased. 
The  movement  of  sodium  into  the  cells  is  favored  by  Its  electrochemical 
gradient.   If  the  movement  of  potassiimi  were  linked  to  that  of  sodium 
("co-transport"),  the  movement  of  sodium  into  the  cells  along  its  electro- 
chemical gradient  would  drag  potassium  against  its  gradient.  A  similar 
process  has  previously  been  invoked  to  explain  the  mutual  acceleration 
of  sodium  and  sugar  or  amino  acid  movement  into  Intestinal  cells.  The 
present  studies  support  this  theory  since  dt  was  found  that  the  increases 
In  sodium  and  potassium  fluxes  into  the  shrunken  erythrocytes  were 
mutually  dependent,  i.e.,  neither  sodium  nor  potassium  flux  Increased 
unless  both  were  present  In  the  medium.  If  the  Increase  in  the  sodium 
and  potassium  Influxes  were  the  only  process,  there  would  be  net  entry  of 
sodium  as  well  as  potassium  into  the  cells,  whereas  the  former  is  noted 
only  in  the  presence  of  ouabain.  The  sodium  ^ich  enters  evidently  must 
be  extruded  and,  in  fact,  an  acceleration  of  sodium  efflux  from  the 
cells  is  noted  which,  interestingly,  does  not  depend  on  extracellular 
sodium  or  potassium  concentration. 

An  additional  explanation  for  the  potassium  entry  is  that  the  increased 
cation  permeability  might  cause  the  cellular  electrical  potential  to 
Increase  and  that  this  might  contribute  to  the  process .  It  Is  difficult 
to  explain  the  entire  process  on  this  basis,  however,  and  in  addition 
Indirect  measurements  indicate  that  there  is  not  any  important  change  in 
the  electrical  potential  difference  under  these  conditions. 

As  summarized  earlier,  there  was  evidence  that  cyclic  AMP  is  involved 
in  the  swelling  caused  by  norepinephrine.  This  has  been  more  directly 
confirmed  during  the  current  year.  When  the  response  of  duck  red  cells 
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Is  measured  at  different  concentrations  of  norepinephrine,  cellular  cyclic 
AMP  concentration  rises  pari  passu  with  the  increase  In  potassium  perme- 
ability associated  with  swelling  of  the  cells.  Since  cation  transport  in 
shrunken  cells  bathed  in  hypertonic  media  has  many  similarities  to  that 
of  cells  exposed  to  norepinephrine  and  both  apparently  involve  the  same 
mechanism,  it  was  important  to  measure  cycllc-AMP  levels  in  the  osmotically 
shrunken  cells  in  order  to  ascertain  whether  cyclic  AMP  has  a  role  as  well 
in  the  permeability  changes  found  in  this  condition.  No  Increase  in  cyclic 
AMP  concentration  was  found.  Assuming,  as  seems  likely,  that  the  final 
steps  in  both  processes  are  the  same,  it  is  attractive  to  speculate 
that  shrinking  initiates  its  effect  at  a  step  after  that  at  which  cyclic 
AMP  Is  generated.  Additional  studies  are  planned  with  shrunken  cells 
which  may  be  useful  in  definite  the  steps  subsequent  to  cyclic  AMP 
generation  in  this  tissue.  Whatever  the  results  of  these  studies  may  be, 
it  Is  evident  that  the  duck  erythrocyte  provides  one  of  the  best  means  yet 
devised  to  determine  the  mechanism  of  volume  control  In  animal  cells . 
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Objectives:  Although  it  is  established  that  the  concentration  of 
cyclic  AMP,  the  intracellular  mediator  of  the  permeability  and  transport 
response  of  the  toad  bladder  to  vasopressin,  rises  in  bladders  incubated 
with  vasopressin,  little  is  known  about  the  metabolism  of  the  nucleotide 
in  situ.   It  is  generally  accepted  that  vasopressin  stimulates  the  enzyme 
adenylate  cyclase,  resulting  in  increased  rates  of  production  of  cyclic 
AMP,  and  that  the  degradation  of  cyclic  AMP  is  catalyzed  by  the  enzyme 
cyclic  nucleotide  phosphodiesterase.  A  third  enzyme,  a  cyclic  AMP  dependent 
protein  kinase,  has  also  been  identified  in  the  toad  bladder  and  may  rep- 
resent a  major  site  of  action  of  cyclic  AMP  in  the  responsive  cells.  A 
fourth  factor  that  may  be  of  importance  in  cyclic  AMP  metabolism  is  binding 
or  sequestration  of  the  nucleotide  within  the  epithelial  cells.  Several 
lines  of  indirect  evidence  indicate  that  this  is  likely.  There  is  little 
correlation  between  the  concentration  of  cyclic  AMP  in  bladder  epithelial 
cells  and  the  transport  and  permeability  response  to  vasopressin.  For 
example,  bladders  incubated  with  concentrations  of  vasopressin  that  elicit 
a  maximal  sodium  transport  response  (three  times  control)  and  a  maximal 
water  permeability  response  (twenty  times  control)  have  epithelial  cell 
cyclic  AMP  concentrations  only  two  to  three  times  those  of  control  tissue. 
Bound  cyclic  AMP  would  be  a  constant  blank  in  these  measurements  and  would 
reduce  the  relative  increment  in  total  cyclic  AMP  seen  in  response  to  the 
hormone.  Another  relationship  that  indicates  that  cyclic  AMP  may  be  bound 
or  sequestered  is  the  observation  that  the  apparent  intracellular  con- 
centration of  cyclic  AMP  in  unstimulated  cells,  (about  2  x  10 "°M  in  cell 
water)  exceeds  the  Estimated  I^  for  cyclic  AMP  dependent  protein  kinase  in 
these  cells.  In  other  words,  if  the  protein  kinase  were  exposed  to  a 
concentration  of  cyclic  AMP  equal  to  that  calculated  to  be  present  in  the 
epithelial  cells,  the  enzyme  would  already  be  activated  in  control  tissue. 
Studies  reported  from  this  laboratory  of  phosphorylase  activation  by 
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vasopressin  indicate  that  the  cyclic  AMP  dependent  protein  kinase  actually 
is  not  active  in  control  tissue,  lending  further  Indirect  support  to  the 
idea  that  some  of  the  epithelial  cell  cyclic  AMP  is  boxmd  or  sequestered. 
This  project  is  designed  to  evaluate  the  possibility  of  bound  cyclic  AMP  and 
to  study  its  behavior  under  conditions  knovm  to  affect  the  response  of  the 
bladder  to  vasopressin. 

Methods:  Bound  cyclic  AMP  is  operationally  defined  as  cyclic  AMP  in 
homogenates  of  bladder  epithelial  cells  that  is  not  destroyed  by  the  enzyme 
cyclic  nucleotide  phosphodiesterase.  A  viable  preparation  of  bladder 
epithelial  cells,  free  of  stroma  has  been  developed  for  this  study.  Cells 
in  this  preparation  have  at  least  as  large  an  increment  in  cyclic  AMP  levels 
as  intact  bladders  In  response  to  vasopressin.  These  cells  are  scraped  as 
sheets  from  the  stroma  after  Incubation  in  a  calcium- free,  magnesium- free 
Ringer  solution  and  are  then  Incubated  in  complete  Ringer  solution  for  at 
least  one  hour.  After  Incubation  with  concentrations  of  vasopressin  that 
would  elicit  a  maximal  transport  and  permeability  response  in  the  intact 
bladder,  these  cells  have  two  to  three  times  the  cyclic  AMP  content  of 
control  cells.  The  cells  are  transferred  to  buffered  homogenizing  solution, 
broken  up  by  homogenization  In  a  teflon-glass  homogenizer  and  in  some 
instances,  further  disrupted  by  sonication.  Phase  microscopy  Is  used  to 
evaluate  the  extent  of  cell  disruption.  The  whole  homogenate  or  a  40,000 
X  G  supernatant  are  then  incubated  with  and  without  added  cyclic  AMP  and 
with  and  without  added  cyclic  nucleotide  phosphodiesterase.  Incubations 
are  ended  by  adding  cold  10%  TCA.  The  protein  precipitate  is  removed  by 
centrifugation  and  the  cyclic  AMP  in  the  supernatant  is  separated  and 
collected  by  ion  exchange  chromatography,  concentrated  by  lyophilization, 
and  measured  by  the  binding  technique  of  Oilman. 

Major  Findings:  Different  amounts  of  bound  cyclic  AMP  have  been  found 
in  homogenates,  depending  on  the  method  of  preparation.  Homogenates  pre- 
pared in  pH  8.0  Trls  -  5  mM  ^Cl  -  Sucrose  buffer  initially  contain  approxi- 
mately 10  pmoles  of  cyclic  AMP  per  mg  protein.  Incubation  of  the  homogenate 
at  20°  for  10  mln  results  in  a  fall  in  cyclic  AMP  to  5  pmoles/mg  protein. 
There  must  be  abundant  cyclic  nucleotide  phosphodiesterase  activity  of 
endogenous  origin  since  the  same  level  of  cyclic  AMP  (5  pmoles/mg  protein) 
Is  found  after  Incubation  of  homogenates  to  vAich  15  pmoles  of  cyclic  AMP 
and/or  exogenous  cyclic  nucleotide  phosphodiesterase  are  added.  The  5 
pmoles  of  cyclic  AMP  remaining  under  these  conditions  represents  bound 
nucleotide.  Although  over  99%  of  cells  in  the  homogenate  are  disrupted, 
large  particles  were  seen  under  phase  microscopy  and  it  is  possible  these 
particles  may  sequester  cyclic  AMP  from  cyclic  nucleotide  phosphodiesterase 
activity.   In  order  to  exclude  this  possibility,  similar  studies  were  carried 
out  using  40,000  x  G  supernatant  solutions.  The  most  promising  preparation 
is  one  in  which  cells  are  homogenized  and  sonicated  in  a  pH  5  .0  buffer.  The 
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supernatant  contains  higher  levels  of  cyclic  AMP  than  whole  homogenates 
prepared  in  more  alkaline  buffers,  and  this  level  falls  only  20%  after  20 
or  40  minutes  of  Incubation  at  4°C.  60  per  cent  of  exogenous  cyclic  AMP 
that  is  added  to  the  supernatant  solution  is  destroyed  during  20  minutes 
of  Incubation  under  these  conditions.  These  results,  if  extended  as  out- 
lined below,  would  indicate  that  it  is  binding  of  cyclic  AMP,  which  protects 
it  from  degradation  by  cyclic  nucleotide  phosphodiesterase. 

Proposed  Course  of  Project:  After  ascertaining  the  optimal  conditions 
for  observlng"bindlng"  of  cyclic  AMP,  the  effect  of  hormones  such  as  vaso- 
pressin and  aldosterone,  which  are  known  to  alter  cyclic  AMP  metabolism  in 
the  intact  cell,  will  be  examined  for  an  effect  on  the  quantity  of  cyclic 
AMP  in  the  whole  homogenate  and  on  "bound  cyclic  AMP." 

Honors  and  Awards:  None 

Publlca  tlons :  None 
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Objectives:  Previous  studies  in  this  laboratory  have  established  the 
thesis  that  vasopressin  elicits  changes  in  the  permeability  and  sodium 
transport  rate  of  epithelial  membranes  such  as  the  renal  collecting  tubule 
and  anuran  urinary  bladder  and  skin,  by  increasing  the  rate  of  production 
of  cyclic  AMP  in  the  epithelial  cells.  This  project  is  designed  to 
elucidate  the  mechanism  by  which  a  rise  in  the  Intracellular  concentration 
of  cyclic  AMP  results  in  changes  in  permeability  and  in  transport  rate. 
There  is  evidence  that  cyclic  AMP  affects  the  metabolism  of  some  tissues 
by  stimulating  the  activity  of  a  cyclic-AMP  dependent  protein  kinase,  and 
studies  in  this  laboratory  and  others  have  identified  such  a  kinase  in 
toad  bladder  epithelial  cells,  using  exogenous  protein  such  as  casein  or 
phosveitln  as  substrate.   In  this  study,  gel  electrophoresis  will  be  used 
to  separate  phosphorylated  proteins  and  thereby  characterize  the  endogenous 
substrate(s)  of  the  cyclic  AMP  dependent  kinase,  and  to  characterize  its 
role  in  the  response  to  vasopressin.  A  recent  preliminary  report  from 
another  laboratory  described  cyclic  AMP -s tlmula ted  phosphoprotein  phos- 
phatase activity  in  toad  bladder.  This  report  will  be  confirmed  and  an 
attempt  made  to  integrate  the  activity  of  this  enzyme  into  a  working  model 
for  the  mechanism  of  the  cyclic  AMP  mediated  vasopressin  effect. 

Methods:   Two  approaches  have  been  used  to  phosphoryla te  toad  bladder 
epithelial  cell  proteins.  In  the  first  method,  homogenates  of  the  epithe- 
lial cells  were  incubated  with  7-^^P-ATP  under  various  conditions.  The 
reaction  was  stopped  by  the  addition  of  1.0%  sodium  dodecyl  sulfate  (SDS) 
in  dilute  phosphate  buffer. 
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In  the  second  method.  Intact  bladders  as  well  as  sheets  of  epithelial 
cells  scraped  off  the  bladder  were  incubated  with  carrier  free  inorganic 
■^^0i^.     The  tissue  was  removed  from  the  isotope  solution,  subjected  to  ex- 
perimental manipulation  such  as  the  addition  of  vasopressin,  and  the  in- 
cubation ended  by  homogenizing  the  epithelial  cells  in  a  buffered  3.07o  SDS 
solution.  SDS-polyacrylamlde  gel  electrophoresis  was  used  to  separate 
epithelial  cell  proteins  after  preliminary  work  with  standard  proteins 
demonstrated  the  expected  mobilities  of  proteins  on  the  gel.  Cylindrical 
gels  were  cut  into  1  mm  slices  and  the  radioactivity  in  each  peak  assessed 
by  liquid  scintillation  counting. 

Major  findings:   Studies  with  epithelial  cell  homogenates  have  con- 
firmed the  presence  of  protein  kinase  activity  and  have  revealed  a  very 
active  phosphoprotein  phosphatase.  There  is  also  a  large  amount  of  ATF- 
ase  activity  in  the  homogenates,  i.e.,  93%  of  ATP  is  destroyed  in  1  min 
at  SO^C.  Because  of  the  active  phosphorprotein  phosphatase  and  the  ATPase 
activity,  most  homogenate  incubations  have  been  performed  at  lO'C.  Peak 
levels  of  -^^p  labeled  protein  are  found  at  10  sec .  The  amount  of  ^^P  label 
in  protein  declines  after  10  sec,  presumably  the  result  of  phosphoprotein 
phosphatase  activity.   lO'^M  cyclic  AMP  stimulates  the  total  phosphorylation 
of  protein  in  the  homogenate  (about  25%  greater  than  controls) .   In  addition 
cyclic  AMP  stimulates  (40%),  the  phosphorylation  of  a  protein  with  an  ap- 
proximate molecular  weight  of  50,000  Daltons.   In  some  experiments,  cyclic 
AMP  added  after  peak  phosphorylation  has  occurred,  has  resulted  in  more 
rapid  (15%)  loss  of  ^^P  from  proteins,  but  this  phosphoprotein  phosphatase 
stimulation  has  not  been  as  reproducible  as  the  kinase  effect.  Experiments 
in  i^ich  intact  epithelial  cells  have  been  labelled  by  incubation  with 
100  uc/ml  of  carrier-free  inorganic -33po^  for  as  long  as  two  hours  have 
yielded  lower  levels  of  phosphoprotein  than  obtained  in  the  homogenate 
study,  and  there  has  been  no  indication  of  a  highly  labelled  phospho- 
protein of  mol.  wt.  50,000. 

Proposed  Course  of  Project:  Major  enqphasis  will  be  placed  on  studies 
of  the  intact  cell  since  a  vasopressin  effect  on  phosphorylation  of  a 
protein(s)  in  situ  must  be  established  clearly  before  further  work  with 
broken  cell  preparations  can  be  evaluated.  Preliminary  studies  indicate 
that  more  Inorganic  ^^O^  is  taken  up  and  incorporated  into  protein  by  cells 
after  four  and  after  24  hours  of  incubation  with  the  tracer.  Epithelial 
cells  will  be  incubated  with  tracer  inorganic  ^^0^  for  longer  periods 
before  they  are  processed  for  electrophoresis.   In  addition,  electrophoresis 
will  be  performed  using  a  slab  gel  rather  than  cylindrical  gels  since  the 
former  lend  themselves  well  to  autoradiography.  This  technique  should 
offer  sensitivity  conqjarable  to  that  obtainable  only  with  inordinately  long 
counting  times  of  cylindrical  gel  slices  in  a  liquid  scintilatlon  counter. 
Whatever  phosphoprotein  pattern  emerges  in  the  intact  cells,  its  role  in  the 
response  to  vasopressin  will  be  examined  by  correlating  its  pattern  over 
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time  with  that  of  the  permeability  and  transport  effects  of  vasopressin. 
In  addition,  the  influence  of  agents  that  alter  the  response  to  vaso- 
pressin will  be  tested. 


Honors  and  Awards:   None 
Publications:  None 
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Cooperating  Units:  None 

Project  Description: 

Previous  reports  (1970-71)  demonstrated  that  duck  erythrocytes  contain  a 
"volume  controlling  mechanism"  which  can  regulate  cell  size  in  isotonic  or 
anisotonic  media.  The  mechanism  returns  cells  to  their  original  volume  in 
either  hypo,  hyper,  or  isotonic  media,  and  may  represent  the  process  which, 
v^en  operating  along  with  the  cation  pump,  allows  cells  to  dynamically  con- 
trol their  volume--a  property  which  is  critical  to  most  animal  cells. 
Changes  in  size  result  from  shifts  in  cell  water.  The  regulatory  process 
involves  the  controlled  movement  of  considerable  quantities  of  potassium  into 
or  out  of  the  cell,  accompanied  by  diffusable  anion,  primarily  chloride,  and 
osmotically  obliged  water. 

Conceptually,  the  mechanism  consists  of  a  receptor,  transmitter,  and 
effector.  The  latter,  presumably  located  in  the  membrane,  consists  of  trans- 
port mechanisms  which  would  have  been  previously  categorized  as  part  of  the 
leak.   It  is  through  these  transport  processes  that  alterations  in  perme- 
ability develop  \Aiich  lead  to  the  loss  or  gain  in  monovalent  cations. 

Previous  evidence  (1969-70),  (1970-71),  (1971-72)  indicated  that  two 
transport  processes  were  involved;  one  operates  when  cells  need  to  lose 
cations  (enlarged  cells)  while  the  other  functions  \dien  cells  need  to  gain 
cations  (shrunken  cells)  .  For  the  purpose  of  this  report  we  shall  label 
these  transport  processes  1  and  2  respectively.  Transport  process  1  has  a 
specificity  for  cellular  K  (1972-73)  and  cm  best  be  described  as  a  diffu- 
sional  process  that  utilizes  the  normal  cellular  K  concentration  gradient  as 
a  driving  force.  On  the  other  hand,  transport  process  2  involves  rapid  bi- 
directional movements  of  both  Na  and  K  and  cannot  yet  be  explained  mechan- 
istically. It  is  of  special  interest  since  it  can  be  initiated  by  one  of 
the  catecholamines  and  therefore  represents  a  hormonally  induced  transport 
sys  tern . 
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Objectives:   To  further  characterize  the  "volume  controlling  mechanism" 
by: 

I)  determining  the  anion  specificity  of  both  transport  processes. 
II)  developing  experimental  protocols  which  will  allow  one  to  explain 
transport  process  2  mechanistically. 

Ill)  determining  the  role,  if  any,  elevated  cellular  levels  of  cyclic 
AMP  have  on  transport  process  2 . 

Major  Findings:   I.  To  study  the  anion  requirement,  we  prepared  bromide 
or  sulfate  containing  cells.  These  cells  were  then  introduced  into  bromide 
or  sulfate  containing  experimental  media  so  that  the  substituted  anion  re- 
placed chloride  on  both  sides  of  the  membrane. 

Replacing  chloride  with  bromide  had  no  effect  on  the  ability  of  cells 
to  regulate  their  volume  or  on  the  function  of  either  transport  process. 
Sulfate,  on  the  other  hand,  slowed  transport  process  1  but  did  not  prevent 
the  enlarged  cells  from  finally  regulating  their  volume.  However,  sulfate 
inhibited  transport  process  2,  preventing  volume  regulation  in  shrunken  cells. 

Thus,  these  studies  indicated  that  the  CI  ion  was  not  obligatory.  The 
sulfate  study  provided  additional  evidence  that  the  two  transport  processes 
were  dissimilar  and  that  process  2  differed  from  the  classical  cation  pump 
^ich,  in  contrast,  functions  normally  in  the  sulfate  system. 

II.  Essential  to  explaining  transport  process  2  is  an  understanding  of 
how  the  rapid  bidirectional  Na  and  K  movements  occur.  At  a  [k]o  of  2.5  mM, 
these  movements  do  not  produce  any  change  in  the  Na  and  K  content  of  cells. 
However,  at  a  higher  [k]o  (2.5-15.0  mM)  a  slight  imbalance  between  these 
rapid  fluxes  results  in  the  accumulation  of  the  Na  and  K;  ultimately  respon- 
sible for  cell  enlargement.  One  important  question  in  any  analysis  of  the 
generalized  increase  in  permeability  is  the  energy  source  and  route  used  by 
Na  and  K  in  entering  the  cell  (Na  and  K  influx)  .  Since  the  K  influx  com- 
ponent occurs  in  the  presence  of  ouabain,  it  does  not  involve  the  classical 
cation  pump.  Accordingly,  all  analyses  depend  on  whether  the  Na  or  K  enters 
the  cell  with  or  against  an  electrochemical  gradient  and  must,  of  necessity, 
consider  an  energy  source  and  pathway  other  than  those  directly  associated 
with  the  classical  cation  pump. 

One  way  to  explain  the  large  K  influx  is  to  assume  that  an  increase  in 
the  electrical  potential  has  developed  (inside  becomes  more  negative) 
(Kregenow,  J.  Gen.  Physiol.  61:509,1973).   The  electrical  potential  could 
increase  sufficiently,  when  the  [kJq  is  2,5  mM,  to  explain  the  K  influx,  if 
the  permeability  to  K  (Pr)  increases  relative  to  the  permeability  to  chloride 
(Pel)  such  that  the  value  for  the  ratio  of  Pci/Pk  was  no  longer  infinitely 
large,  but  less  than  1,0. However,  the  following  findings  made  this  h3rpo thesis 
unlikely.  First,  the  permeability  to  Na  (PNa)  also  increases.  And  since 
the  concentration  gradient  for  Na  is  in  the  opposite  direction  to  that  of  K, 
the  increase  in  (PNa)  would  tend  to  negate  an  effect  increasing  (Pr)  might 
have  on  hjrperpolarizing  the  cell.  Second,  preliminary  experiments,  performed 
in  conjunction  with  J,  F.  Hoffman,  using  the  dye,  DiS-C3-5,  indicate  that  no 
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significant  change  in  potential  occurs.  When  incubated  with  erythrocytes, 
this  dye  changes  its  fluoresence  in  response  to  changes  in  the  electrical 
potential,  (Larris  and  Hoffman,  J.  Physiol.  In  Press). 

One  possible  explanation  for  the  generalized  increase  in  permeability 
(Kregenow,  J.  Gen.  Physiol.  58:396,1971)  first  assumes  that  part  of  the  rapid 
bidirectional  movements  of  both  Na  and  K  are  like  those  that  occur  when  two 
facilitated  diffusion  systems  are  coupled  together  as  in  a  co-transport 
process .   In  this  view,  Na  and  K  are  co-transported  into  the  cell  much  as  Na 
and  glucose  are  co- transported  in  the  intestine.   In  this  hypothesis,  Na 
moves  into  the  cell  with  its  electrochemical  gradient,  the  resultant  energy 
is  used  by  membrane  elements  to  move  K  into  the  cell  against  its  electro- 
chemical gradient.  To  test  this  part  of  the  hjrpothesis,  we  examined  the 
effect  the  Na  or  K  concentration  of  the  bathing  medium  has  on  Na  and  K  fluxes 
vrtien   the  latter  were  accelerated  by  norepinephrine .  Three  of  the  four  en- 
hanced fluxes  (K  influx  and  efflux  and  Na  influx)  varied  directly  with  the 
extracellular  Na  or  K.  The  curves  which  describe  the  relationship  between 
the  hormone  sensitive  component  of  these  three  fluxes  and  extracellular  Na 
or  K  were  curvilinear,  fit  Machaelis-Menton  kinetics,  and  approach  zero  as 
the  extracellular  Na  or  K  approaches  zero.  Thus,  for  norepinephrine  to 
increase  3  out  of  the  4  cation  fluxes,  both  Na  and  K  must  be  present  in  the 
medium;  if  either  is  absent,  no  movement  occurs.  These  findings  are  con- 
sistent with  the  presence  of  a  co-transport  system. 

An  additional  requirement  of  this  hypothesis  is  that  there  be  enhanced 
active  transport  of  Na  out  of  the  cells  by  a  system  other  than  the  clas- 
sical cation  pump.  Such  a  mechanism  is  required  to  remove  from  the  cell 
the  Na  which  accumulates  as  a  result  of  its  entry  via  the  co-transport  system. 
In  fact,  Na  efflux  is  increased  some  6-10  fold  by  norepinephrine  even  in  a 
ouabain -containing  K-free  medium.  By  contrast,  Na  influx,  as  noted  above, 
is  unchanged  when  K  is  absent  from  the  medium.  Under  these  conditions,  al- 
though the  classical  cation  pump  is  inoperative,  the  cells  extrude  Na  against 
a  steep  electrochemical,  gradient,  presumably  by  an  active  process  represented 
by  the  enhanced  Na  efflux.  Because  of  these  findings,  we  have  therefore 
adopted  this  hypothesis  as  our  current  working  model. 

III.   It  is  generally  accepted  that  a  variety  of  hormones,  including 
norepinephrine,  exert  their  characteristic  effect  via  the  intermediacy  of 
cyclic  AMP.  Previous  studies  in  duck  erythrocytes  (1969-70)  (1970-71) 
indicated  that  cyclic  AMP  probably  served  as  an  intermediate  in  transport 
process  2,  when  this  process  was  initiated  by  norepinephrine.  However, 
evidence  establishing  a  direct  correlation  between  endogenous  cyclic  AMP 
concentration  and  the  transport  rate  is  lacking  in  this  and  other  tissues . 
Therefore,  the  following  studies  were  undertaken  to  determine  whether: 

1)  there  is  a  direct  relationship  between  transport  rate  and  cellular 
cyclic  AMP  level. 

2)  cellular  cyclic  AMP  also  serves  as  an  intermediate  in  transport 
process  2  when  hypertonic  media  rather  than  hormone  initiates  the  response. 
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Cyclic  AMP  levels  and  transport  were  measured  at  different  concentra- 
tions of  norepinephrine.   Transport  was  followed  by  measuring  the  norepine- 
phrine sensitive  component  of  K  influx.  Measurements  of  cellular  cyclic  AMP 
were  performed  on  samples  collected  at  the  midpoint  of  these  3  minute  flux 
measurements.  The  hormone-stimulated  component  of  transport  saturates  at  a 
norepinephrine  concentration  of  3  x  10~%.  Below  this  concentration,  the 
increment  in  cyclic  AMP  concentration  and  transport  rate  correlate  well, 
providing  evidence  that  they  are  indeed' causually  related. 

To  determine  whether  transport  process  2,  when  initiated  by  hypertonic ity, 
also  utilizes  cyclic  AMP  as  an  intermediate,  we  compared  cellular  cyclic  AMP 
levels  in  control  cells,  hypertonic-stimulated  cells,  eind  norepinephrine- 
stimulated  cells.  Conditions  were  chosen  so  that  transport  rates  in  both 
norepinephrine  and  hypertonic-stimulated  cells  were  rapid  and  identical,  yet 
below  the  saturation  point  for  the  transport  process.  Despite  similar 
transport  rates,  the  hypertonic  cells  do  not  have  elevated  cyclic  AMP  levels. 
Their  levels  are  not  significsmtly  different  from  those  found  in  control 
cells.  Thus,  tramsport  in  hypertonic  media  does  not  utilize  cyclic  AMP  as 
an  intermediate. 

Since  the  transport  processes  in  the  hypertonic  and  norepinephrine 
responses  appear  to  be  identical,  yet  the  hypertonic  response  is  independent 
of  cyclic  AMP,  the  hypertonic  response  is  a  potentially  useful  system  for 
examining  those  events  in  a  cyclic  AMP-stimulated  transport  process,  be  they 
physical  or  biochemical,  that  develop  beyond  the  point  at  which  cyclic  AMP 
exerts  its  effect. 

Proposed  Course  of  Project:  Two  manuscripts  in  preparation. 

Honors  and  Awards:  None 

Publications:  Kregenow,  F.  M. :  Functional  separation  of  the  Na  and  K 

exchange  pump  from  the  volume  controlling  mechanism  in  en- 
larged duck  red  cells.  J.  Gen.  Physiol,  in  press. 


33'^ 


Serial  No.      NHTJ-67 


1.  Kidney  &  Electrolyte  Metabolism 

2.  Exp.  Cardiovascular  Diseases 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  Purification  of  Cardioglobulins 

Previous  Serial  Number:   NHLI-136 

Principal  Investigators:   Stephen  Hajdu,  M.  D. 

Edward  J.  Leonard,  M.  D. 

Other  Investigators:  None 

Cooperating  Units:  Biology  Branch,  NCI 

Project  Description: 

Objectives:   In  last  year's  report  (NHLI-136)  a  theory  was  presented 
with  supporting  evidence  regarding  the  origin  of  Ca   which  transforms  the 
action  potential  into  contraction  in  heart  and  skeletal  muscle  (excitation- 
contraction  coupling) .  According  to  this  hypothesis  the  sarcolenma  outside 
the  electric  membrane  forms  a  layer  around  the  fibers  which  is  almost 
freely  permeable  to  Na"*"  and  K*",  but  not  to  Ca"*^.  The  latter  is  actively 
transported  inwards  and  concentrated  around  the  electric  membrane  by  the 
cardioglobulin  sjrs^tem  (cardioglobulin  B,  cardioglobulin  C-Ca  and 
cardioglobulin  A-P) .  Thus  the  muscle  fibers  are  individually  bathed  in  a 
medium  which  contains  the  same  concentration  of  Na  and  K  ,  but  about  5-6 
times  the  concentration  of  Ca"^  which  exists  in  the  conventional  inter - 
fibrillar  space.  Since  this  space  with  its  high  Ca"*^  content  (cardio- 
globulin space)  includes  the  transverse  tubules  of  the  fiber,  the  Ca"*^  of 
this  pool  is  never  further  away  from  any  part  of  the  actomyosin  than  1  ^. 
During  depolarization  of  the  electric  membrane  the  Ca"^  enters  from  the 
cardioglobulin  space  into  the  fiber  and  can  reach  and  trigger  all  the 
actomyosin  within  the  time  allowed  by  the  speed  of  contraction. 

Major  Findings:  This  special  Ca   transport  system  exists  only  in 
mainnals  and  because  its  components  reach  the  muscle  through  the  blood  stream 
from  the  liver,  they  can  be  isolated  from  mammalian  serum.  Furthermore, 
although  the  frog  heart  does  not  naturally  contain  they  system,  it  is  able 
to  build  a  well -functioning  system  if  all  the  components  of  the  transport 
system  are  supplied  from  mammalian  sources.  Based  on  this  finding,  a  bio- 
assay  was  developed  which  enabled  us  to  measure  the  individual  coiiq>onents 
separately  and  quantitatively.  Using  human  components,  which  are  grossly 
different  from  other  species,  the  formation  of  the  transport  system  in  the 
isolated  frog  heart  goes  in  two  steps: 
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1)  Frog  heart  +  cardioglobulin  B  -*  B-heart.  The  bond  between  component 
B  and  the  heart  is  permanent. 

^~» 

2)  B-heart  +  cardioglobulin  C-Ca  +  cardioglobulin  A-P 
(B-heart  +  Ca"**^)  +  cardioglobulin  C  +  cardioglobulin  A  +  Pi. 

The  number  of  Ca  transport  sites  established  on  the  membranes  decides 
the  Ca   concentration  around  the  muscle  fiber,  which  in  turn  decides  the 
height  of  the  contraction  upon  stimulation,  or  at  extreme  concentrations, 
the  Ca   manifests  itself  by  different  grades  of  contractures. 

When  all  three  human  components  are  added  together  to  the  heart,  while 
reaction  1)  goes  undisturbed,  an  inhibitor  of  cardioglobulin  A-P  is  elab- 
orated, ^ich  prevents  reaction  2)  from  reaching  completion.  The  nature 
of  the  inhibitor  is  not  yet  known. 

Upon  further  purification  of  cardioglobulin  B  it  became  obvious  that 
this  component  is  made  up  of  two  distinct  proteins  which  have  been  desig- 
nated cardioglobulin  B^  and  B2 .  The  two  components  are  only  biologically 
active  if  they  are  added  to  the  heart  together.  Successive  application  in 
either  order  does  not  lead  to  a  B-heart. 

Separation  of  the  components  from  each  other  and  from  other  serum 
proteins  is  based  on  the  following  behavior  of  the  cardioglobulins  under 
different  preparative  procedures: 

Salt  precipitation  with  crystalline  Na2S04 

0-157,  Bi  and  C 

10-20%  B2 

Over  15%  A 

Dialysis  against  10  mM  acetate  buffer  at  pH  5.8 

Precipitate  (euglobulins)    Bi  and  C 
Supernatant  (pseudoglobulins)  A  and  B2 

Dextrane-S04  (MW  500,000)  precipitation 

Precipitate  B^  and  Probably  A 
Supernatant  C  and  B2 

While  precipitated  Bj^  can  be  solubilized  with  protamine,  component  A 
probably  remains  bound  to  Dextrane-SO^,  since  its  biological  activity 
cannot  be  recovered . 

G-200  Sephadex  chromatography 

First  peak:  Bj^  and  C 

Second  peak:  B2 

Valley  between  second  and  third  peak:  A 
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DEAE  cellulose  chromatography 

B]^  and  C  are  destroyed  so  far  as  biological  activity  is  concerned. 

A  and  B2  separate  well  from  one  another,  B2  with  stronger  binding. 

Affinity  chromatography  on  Con  A-Sepharose  4  B 

All  four  components  bind  to  Con  A  in  the  following  decreasing  order: 
A,  C,  B]^,  B2.  They  can  be  elated  with  0.1  M  d-methyl-a-glucoside  without 
loss  of  biological  activity.  Thus  all  four  components  belong  among  the 
glucoproteins . 

Electrofocusing 

This  was  successfully  achieved  with  component  A. 
Ultracentrifugation 

Ultracentrifugation  separates  and  concentrates  B^^  and  C  well. 

Combination  of  the  above  methods  makes  it  possible  to  separate  the 
components  so  that  they  are  free  of  one  anotiier,  in  highly  active  con- 
centrations, \*[ich  is  a  basic  requirement  for  a  reliable  bioassay. 

Antibody  production  for  tissue  localization 

Preliminary  studies  with  rabbit  antibodies  against  purified  human 
cardioglobulin  B  and  C  showed  that  the  antiserum  inhibited  B  or  C  activity, 
but  not  the  reverse.  However,  the  antisera  make  3  precipitin  lines  with 
electrophoresed  human  serum  and  it  is  therefore  not  yet  suf f icim tly  pure 
to  establish  the  tissue  location  of  the  cardioglobulin  system  with  absolute 
certainty. 

Proposed  Course:  Further  purification  of  the  components  for  immuni- 
zation leading  to  the  production  of  monospecific  antibodies  for  tissue 
localization  studies.  With  the  help  of  the  much  improved  bioassay  a 
study  is  planned  on  clinical  material  to  reinvestigate  the  possible  role 
of  the  cardioglobulins  in  hypertension,  cardiomyopathy  and  systemic  lupus 
erythematosus . 

Honors  and  Awards:  None 

Pub Ilea  tlons :  None 
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Project  Description: 

Objectives:   Urinary  acidification  is  incompletely  under- 
stood, owing  in  part  to  limitations  on  our  ability  to  analyze 
the  process  in  various  nephron  segments.   The  purpose  of  the 
present  studies  is  1)  to  develop  the  micro-techniques  necessary 
to  analyze  acidification  of  samples  of  tubule  fluid  and  2) 
to  apply  these  techniques  to  individual  isolated  perfused 
tubule  segments  in  order  further  to  elucidate  the  process  of 
urinary  acidification  and  its  relation  to  renal  ion  transport. 

Methods:   For  this  purpose,  it  is  desirable  to  measure 
bicarbonate  since  it  is  an  important  buffer  in  the  kidney. 
Previously,  there  was  no  practical  micro-method  for  measuring 
bicarbonate  concentration  equivalent  to  the  gasometric  methods 
used  on  larger  samples,  and  estimates  of  bicarbonate  concen- 
tration in  tubule  fluid  were  made  indirectly  on  the  basis  of 
measurements  of  the  pH.   Therefore,  we  developed  a  method 
("picapnotherm")  for  measurement  of  bicarbonate  (total  CO2)  in 
collaboration  with  Dr.  Jerry  Vurek  of  the  Laboratory  of 
Technical  Development.   The  method  is  based  on  measuring  the 
heat  produced  when  LiOH  reacts  with  CO2 •   In  addition  to  this 
method  we  will  use  micro-glass  electrodes  to  measure  pH.   The 
techniques  are  to  be  applied  to  renal  tubules  studied  in 
isolation  by  the  methods  previously  described. 

Major  Findings:   1)  The  principal  effort  to  this  point  has 
gone  into  developing  and  testing  the  picapnotherm  which  is  now 


3.3^ 


Serial  No.     NHLI-68 


working  satisfactorily  for  samples  of  tubule  fluid. 

2)  In  our  preliminary  studies  with  proximal  straight 
tubules,  we  have  found  that  there  is  net  bicarbonate  reab- 
sorption  and  reduction  of  bicarbonate  concentration  in  the  lumen, 
suggesting  that  this  segment  participates  in  urinary  acidifi- 
cation.  Further,  when  the  tubules  are  perfused  with  a 
bicarbonate-free  solution,  bicarbonate  appears  in  the  tubule 
lumen,  indicating  a  counter-movement  of  bicarbonate  and/or 
carbon  dioxide  back  into  the  lumen  from  the  bath. 

Proposed  Course  of  the  Project:   1)  The  bicarbonate 
transport  system  will  be  further  characterized  in  the  proximal 
straight  tubule  by  measuring  the  steady  state  bicarbonate 
concentration  achieved  in  the  lumen  and  the  luminal  pH  and 
carbon  dioxide  partial  pressure.   Then,  the  role  of  carbonic 
anhydrase  in  acidification  and  fluid  absorption  will  be  tested 
using  inhibitors  of  carbonic  anhydrase  in  the  perfusate  and/or 
bath. 

2)  Similar  studies  will  be  performed  on  the  other  major 
ion  transporting  segments  (proximal  convoluted  tubule,  thick 
ascending  limb  of  Henle's  loop,  and  cortical  collecting  tubule). 

Honors  and  Awards:   None 

Publications:   None 
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July  1,  1973  through  June  30,  1974 

Project  Title:   Function  of  the  amphibian  distal  nephron. 

Previous  Serial  Number:   NHLI-131 

Principal  Investigators:   Larry  C.  S toner,  Ph.D. 

Maurice  B.  Burg,  M.D. 
Jack  Orloff,  M.D. 

Other  Investigators:   None 

Cooperating  Units :   None 

Project  Description: 

The  amphibian  distal  nephron  is  known  to  dilute  the  urine 
and  is  responsible  for  as  much  as  60%  of  the  total  amphibian 
nephron  NaCl  reabsorption.   Other  investigators  reported  lumen 
negative  transepithelial  electrical  potential  differences  in 
amphibian  distal  tubules  but  had  not  reported  lumen  positive 
potential  differences,  such  as  we  previously  found  in  the  early 
mammalian  distal  tubule  (thick  ascending  limb  of  Henle's  loop). 

Objectives:   The  objectives  of  this  study  are  to 
characterize  the  morphology  and  transport  physiology  of  the 
following  amphibian  distal  nephron  segments:   1)  the  early 
distal  convolution  (diluting  segment) ,  2)  the  late  distal 
convolution,  and  3)  the  collecting  duct. 

Methods:  Previously  described  for  use  in  mammalian  tubule 
segments  and  applied  in  this  project  to  segments  dissected  from 
amphibian  distal  nephron. 

Major  Findings:   1.   In  all  three  amphibian  species  we 
observed  the  P.D.  to  be  positive  in  the  lumen  of  the  early 
distal  nephron,  averaging  approximately  10  mv,  as  previously 
found  in  the  mammalian  thick  ascending  limb,  where  it  was 
taken  as  evidence  for  the  active  reabsorption  of  chloride. 
Other  similarities  which  suggest  this  amphibian  "diluting 
segment"  is  analogous  to  the  mammalian  thick  ascending  limb 
of  Henle's  loop  include: 

a.   P.D.  reversibly  inhibited  by  ouabain. 
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b.  P.D.  reversibly  inhibited  by  furosemide  (at  low 
concentrations  in  the  Ivimen  this  drug  acted  specifically  on 
the  thick  ascending  limb  of  Henle ' s  loop). 

c.  Abolition  of  the  P.D.  when  all  of  the  CI   in  bathing 
solutions  is  replaced  with  NO,. 

d.  Persistence  of  the  P.D.  when  all  of  the  sodium  is 
replaced  with  choline. 

e.  Ability  of  short  segments  of  the  tubule  to  lower  the 
NaCl  concentration  (production  of  dilute  urine)  and  raise  the 
potassium  concentration  of  the  perfusate.   At  25°C  the  rate  of 
NaCl  reabsorption  in  the  amphibian  diluting  segment  averages 
12  pmoles  cm"^sec~^,  a  rate  comparable  to  that  of  the  thick 
ascending  limb  of  Henle 's  loop  at  37 "C. 

2.   In  the  salamander  (but  not  the  toad  or  frog)  we  were 
able  to  dissect  and  perfuse  the  late  distal  convoluted  tubule. 
The  transepithelial  P.D.  averages  -33  mv.   In  this  segment  the 
rate  of  NaCl  reabsorption  is  about  one-sixth  that  of  the 
diluting  segment  (2.5  pmoles  cm~lsec~-'-)  .   The  permeability  to 
water  is  low  and  is  unaffected  by  the  addition  of  either 
arginine  vasopressin  or  arginine  vasotocin  to  the  bathing 
medium.   Further,  the  P.D.  of  this  segment  is  abolished  by 
the  addition  of  low  concentrations  of  amiloride  to  the  perfusate^ 
an  effect  previously  observed  in  the  rabbit  cortical  collecting 
tubule . 

Proposed  Course  of  the  Project:   1)  To  determine  whether 
any  part  of  the  amphibian  distal  tubule  is  affected  by  anti- 
diuretic hormone,  as  is  the  mammalian  collecting  tubule.   2)  To 
see,  using  electron  microscopy,  if  there  are  microscopic 
morphological  differences  between  the  different  amphibian 
distal  tubule  segments  corresponding  to  the  functional  differ- 
ences. 

Honors  and  Awards:   None 

Publications:   None 
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Project  Title:   The  study  of  ion  transport  in  renal  cortical 
collecting  tubules. 

Previous  Serial  Number:   NHLI-133 

Principal  Investigators:   Jean  Francois  Boudry,  M.D. 

Larry  C.  Stoner,  Ph.D. 
Maurice  B.  Burg,  M.D. 
Jack  Orloff,  M.D. 

Other  Investigators:   None 

Cooperating  Units:   None 

Project  Description: 

Objectives:   The  cortical  collecting  tubule  in  addition  to 
regulating  water  reabsorption  in  response  to  vasopressin  also 
actively  reabsorbs  Na  from  and  secretes  K  into  the  tubule  fluid. 
The  present  studies  are  intended  to  elucidate  the  relation  be- 
tween urinary  acidification  and  ion  transport  in  cortical 
collecting  tubules. 

Methods:   are  the  same  as  those  previously  described  for 
perfusing  isolated  renal  tubules  in  vitro. 

Major  Findings:   1.   We  had  previously  observed  that  when 
the  perfusion  solution  (pH  =7.4)  is  made  more  acid  (pH  5.8  to 
6.8)  there  is  a  reversible  increase  in  the  lumen  negative  P.D. 
from  -27  to  -44  mv.   Measurements  of  the  unidirectional  fluxes 
of  radioisotopes  of  Na  and  K  show  that  the  increase  in  the  lumen 
negative  P.D.  is  accompanied  by  a  45%  decrease  in  the  active 
secretion  of  potassium  but  no  significant  change  in  the  active 
reabsorption  of  Na  or  the  passive  "backflux"  of  Na  or  K.   The 
negative  P.D.  normally  is  caused  by  sodium  transport  out  of  the 
lumen  and  is  partially  short  circuited  by  the  transport  of 
potassiiom  into  the  lumen.   Therefore  any  decrease  in  potassium 
transport  into  the  lumen  should  cause  the  P.D.  to  increase,  as 
observed  in  these  studies. 

There  was  no  comparable  change  in  the  P.D.  when  the  bath 
was  made  more  acid  by  raising  pCO^f  lowering  the  bicarbonate 
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concentration,  or  by  using  more  acidic  phosphate  buffer,  or 
when  a  similar  pH  gradient  was  created  by  alkalinizing  the 
bath  rather  than  acidifying  the  lumen.   Therefore,  it  is  the 
change  in  lumen  pH  per  se  which  is  responsible  for  the  decrease 
in  potassium  secretion  not  the  hydrogen  ion  gradient  across  the 
epithelivun. 

The  findings  are  of  interest  since  1)  they  provide  a  new 
explanation  for  the  known  reciprocal  relation  between  urinary 
pH  and  potassium  excretion.   The  previous  explanations  were 
either  that  cellular  hydrogen  ion  and  potassium  competed  for 
secretion  or  that  systemic  acidification  caused  a  general 
decrease  in  cell  potassium  which,  caused  potassium  secretion  to 
diminish.   The  latter  explanation  seems  not  to  apply  to  the 
present  finding  in  which  tubule  fluid  and  not  the  bath  pH  is 
the  critical  factor  effecting  K  secretion.   2)  This  is  the  first 
instance  in  our  studies  of  collecting  tubules  in  which  net  Na 
and  K  transport  have  been  dissociated. 

2.   Effects  of  diuretics:   We  had  previously  reported  that 
low  concentrations  of  acetazolamide  in  the  bath  caused  trans- 
epithelial  P.D.  to  become  more  negative  in  the  cortical 
collecting  tubule.   This  was  taken  as  evidence  for  the  existence 
of  a  urinary  acidification  process  (e.g.  less  hydrogen  ion 
secretion  should  cause  an  increase  in  the  P.D.  similar  to  the 
effect  of  less  potassium  secretion  discussed  above) .   In  the 
present  studies  we  have  found  little  or  no  effect  of 
acetazolamide  (2x10"5m)  on  Na  and  K  transport  in  the  cortical 
collecting  tubule,  but  an  effect  at  higher  concentrations  is 
not  ruled  out. 

Proposed  Course  of  Project:   1)  In  order  further  to 
elucidate  the  cause  of  the  decreased  K  secretion  which  occurs 
when  the  perfusate  is  acidified  we  will  measure  tubule  cell  K 
content,  and  the  kinetics  of  K  transport  at  the  individual 
cell  membranes.   2)  We  will  complete  the  studies  of 
acetazolamide  and  test  the  effect  of  other  diuretics  (mercurials, 
hydrochlorothiazide,  and  ethacrynic  acid) . 

Honors  and  Awards:   None 

Publications:  Stoner,  L. ,  Burg,  M. ,  and  Orloff,  J.:  Ion 
transport  in  collecting  tubule:  Effect  of 
amiloride.   Am.  J.  Physiol,  in  press. 
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tubules . 
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Other  Investigators:  None 
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Project  Description: 

Objectives:  The  proximal  nephron  reabsorbs  approximately  50%  of  the 
glomerular  filtrate.   The  mechanisms  by  which  this  occurs  have  been  only 
partially  characterized.  There  is  a  considerable  body  of  evidence  from 
micropuncture  and  microperfusion  studies  suggesting  that  sodium  is  actively 
reabsorbed,  providirg  the  primary  driving  force  for  salt  and  fluid  transport. 
The  process  is  complicated,  however,  and,  based  on  analogy  to  the  small 
intestine,  which  is  functionally  similar,  reabsorption  could  involve  coup- 
ling between  the  transport  of  sodium,  bicarbonate,  chloride,  water,  and 
various  organic  solutes,  as  well  as  coupling  to  cellular  metabolism  as  a 
source  of  energy. 

The  rabbit  isolated  perfused  proximal  convoluted  tubule  preparation, 
previously  developed  in  this  laboratory,  has  been  helpful  in  analyzing 
such  transport  processes.  The  previous  studies  of  proximal  tubule  function 
were  limited,  however,  by  our  inability  to  get  the  tubules  to  function 
well  except  in  rabbit  serum  whose  composition  was  difficult  to  manipulate 
experimentally.  Therefore,  our  first  objective  in  the  present  studies  was 
to  develop  artificial  solutions  which  would  support  the  function  of  this 
tubule  segment  satisfactorily.  This  accomplished,  we  systematically 
investigated  the  role  of  the  organic  solutes,  since  they  proved  to  be 
important  for  the  fluid  reabsorption. 

Methods:   Previously  described. 

Major  findings:   1)  An  artificial  solution  was  developed  ^ich  satis- 
factorily supported  the  function  of  the  isolated  perfused  proximal  con- 
voluted tubules.  Using  this  solution,  fluid  absorption  rate  and  electrical 
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potential  difference  were  maintained  for  several  hours  at  rates  similar  to 
those  previously  found  with  rabbit  serum.  The  inorganic  salt  composition 
of  the  new  solution  is  similar  to  that  in  Krebs -Ringer's  solution.  In 
addition,  it  was  found  that  various  organic  solutes  (albumin  in  the  bath, 
amino  acids,  glucose,  lactate,  and  citrate)  were  important. 

2)  When  all  these  organic  solutes  were  omitted  from  the  bath  and 
perfusate,  the  electrical  potential  difference  (usually  negative  in  the 
lumen)  fell  to  zero  and  fluid  absorption  was  reduced  by  75%. 

3)  Part  of  the  effect  was  due  to  albumin.  Its  omission  from  the 
bath  led  to  a  decrease  in  fluid  absorption  of  30%  without  any  change  in  the 
electrical  potential.  Based  on  previous  studies  in  vivo  and  in  vitro  this 
result  most  likely  is  not  due  to  a  direct  transepithelial  osmotic  effect  of 
albumin,  but  to  an  as  yet  undefined  action  on  the  active  Na  transport  or  on 
the  back  leak  of  salt  and  water. 

4)  More  important  was  the  effect  of  glucose,  lactate,  alanine,  and 
citrate.  When  they  were  all  omitted  from  the  bath,  there  was  no  effect.   In 
contrast,  when  they  were  all  omitted  from  the  perfusate,  the  electrical 
potential  fell  to  zero  and  the  rate  of  fluid  absorption  fell  by  75%.  The 
fluid  absorption  rate  was  partially  restored  if  any  of  these  four  solutes 
was  added  back  to  the  perfusate.  The  electrical  potential  difference  was 
partially  restored  by  glucose  or  alanine  in  the  perfusate,  but  not  by 
lactate  or  citrate. 

Proposed  course  of  study:  There  are  a  number  of  possible  explanations 
for  these  effects  of  the  organic  solutes.  They  are  all  reabsorbed  from  the 
proximal  tubule  and  it  is  possible  that,  as  in  the  intestine,  the  solutes 
are  co- transported  with  sodium  across  the  luminal  surface  of  the  tubule 
cells,  leading  to  mutual  acceleration  of  transport.  If  so,  the  effect  of 
glucose  on  fluid  absorption  should  be  inhibited  by  phlorizin  which  blocks 
glucose  transport  at  this  site,  and  this  will  be  tested.  Alternatively, 
these  organic  solutes,  being  metabolized  by  proximal  tubule  cells,  could 
contribute  to  the  energy  requirement  for  active  transport.  This  possibility 
can  be  excluded  for  transported,  but  non-metabolized  sugars  and  amino  acids 
(e.g.  Ct-methyl  glucose  and  cycloleucine)  and  these  substances  will  be  tested. 
In  addition,  it  will  be  of  interest  to  test  whether  there  is  a  specific  re- 
quirement for  sodium  and/or  chloride  for  fluid  absorption. 

Honors  and  Awards:   None 

Pub Ilea  ti  ons :  None 
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This  laboratory  continues  to  develop  new  instruments  and  methods 
to  facilitate  medical  research,  diagnosis  or  therapy.   In  many 
respects,  the  boundaries  of  our  knowledge  and  our  ability  to 
apply  what  we  know  are  limited  by  our  technology.   Methods 
development  and  new  instrumentation  serves  to  widen  our  horizons 
and  to  convert  knowledge  to  practice.   We  have  a  group  of 
scientists  selected  for  their  interests  cind  capabilities  to 
identify  requirements  of  biomedical  science  that  can  benefit 
from  the  application  of  instrumentation  science  and  technology. 
We  develop  working  systems  that  can  be  applied  at  N.I.H.  in 
conjunction  with  ongoing  research  activities  make  the  results 
availeJsle  to  the  scientific  community  and  industry  by  publishing 
the  method  or  instrument.   The  areas  of  our  activity  include 
analytical  methods  and  separation  techniques ,  not  only  for 
chemicals  but  also  for  living  cells;  clinical  applications 
include  regional  blood  flow  measurement,  materials  and  methods 
development  for  better  cardiopulmonary  support  for  both  isolated 
organs  cuid  whole  animals. 

Continuing  along  the  line  of  development  of  fluorescence 
instruments  and  methods  several  ways  of  measuring  the  binding 
of  smaller  molecules  to  proteins  and  other  large  molecules  depend 
on  the  fact  that  fluorescence  is  influenced  by  neighboring 
quenching  or  energy  exchanging  groups  as  well  as  the  accessi- 
bility of  the  flurorophore  to  solvent  effects.   Studies  of  the 
lifetime  of  the  fluorescence  emission  are  used  to  relate  the 
quenching  effect  cind  the  mechanisms  of  specific  quenchers  to 
molecular  structure.   In  the  study  of  bilirubin  fluorescence 
and  quenching  of  protein  fluorescence  the  time  course  of  the 
binding  to  albvunin  by  stopped  flow  methods  reveals  a  complex 
interaction  that  suggests  that  the  bilirubin  must  coil  up  into 
a  specific  conformation  before  in  can  fluoresce  and  that 
secondary  protein  fluorescence  quenching  is  due  to  a  readjustment 
of  like  complex  such  as  repositioning  of  the  bilirubin.   Other 
studies  in  collaboration  with  NIAMD  scientists  applying  similar 
methods  to  tryptic  digests  of  staphylococcal  nuclease  demon- 
strated %he  applicability  of  the  measurements  to  study  of  rates 
of  folding  of  polypeptide  chains.   Further  studies  demonstrated 
methods  of  using  quenchers  such  as  heavy  metals  and  other 
fluorescent  markers  as  well  as  a  scheme  for  calibrating  lifetime 
measurements  using  standard  materials  of  known  lifetimes. 
Polarisation  and  circular  dichroism  studies  were  combined  and  a 
novel  computer  access  system  developed.   With  these  time  studies 
the  stopped  flow  system  used  in  the  fluorescence  studies  is 
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being  developed  to  include  measurement  of  several  other  reaction 
parameters  either  above  or  in  combinations  for  specific 
information. 

The  ubiquity  of  heat  changes  in  biological  reactions  suggest 
that  the  coupling  of  the  specificity  of  enzymes,  antigen- 
antibody,  coagulation,  or  binding  reactions  with  the  non- 
specificity  of  heat  measurement  may  replace  complicated  multi- 
step  reactions  required  for  currently  used  spectrophotometric 
methods.   This  can  be  achieved  if  calorimetric  instrumentation 
can  be  made  accessible  to  the  bioscientist. 

Several  forms  of  calorimeters  have  been  developed  to  demonstrate 
these  advantages.   A  stopped  flow  calorimeter  with  high  sensi- 
tivity and  short  time  resolution  permits  the  determination  of 
the  kinetics  of  enzyme  activity.   Comparative  studies  between 
the  stopped  flow  and  a  batch  system  have  been  made.   The  batch 
calorimeter  data  is  processed  by  a  system  of  computer  analysis 
to  provide  kinetic  data.   These  developments  provide  a  sensi- 
tivity of  less  than  a  microjoule  and  a  five  second  time  resolu- 
tion.  These  kinetic  data  delineate  the  number  of  steps  or 
exothermic-endothermic  sequence  that  must  be  explained  to 
understand  the  reaction.   Plasma  enzyme  or  substrate  content, 
using  lactic  dehydrogenase,  uric  acid-uricase ,  glucose-glucose 
oxidase,  as  well  as  blood  clotting  reactions,  red  cell  sickelling, 
oxygen-hemoglobin  binding,  and  antigen-antibody  reactions  have 
been  easily  measured.   Application  of  those  methods  carried  on 
in  collaboration  with  laboratories  in  the  U.  S.,  U.  K. ,  and 
Italy  have  introduced  the  apparatuses  and  methods  to  investi- 
gators of  diverse  interests  and  capabilities. 

The  development  of  ultrasensitive  thermal  methods  has  been 
applied  to  ultramicrochemistry  for  the  measurement  of  minute 
amounts  of  CO2 .   The  acid  releasable  CO2  from  nanoliters  of 
rabbit  kidney  tubule  fluid  has  been  measured  by  measuring  the 
heat  released  when  CO2  reacts  with  LiOH.   The  system  uses 
microelectronics  and  sensors  to  detect  and  integrate  the  heat 
released  and  has  demonstrated  a  sensitivity  of  SxlO"-*-^  moles 
of  CO2. 

A  similar  system  has  also  been  completed  that  samples  CO2  in 
the  blood  lines  of  our  membrane  oxygenator  system  by  allowing 
it  to  diffuse  through  a  microcatheter  and  is  measured  by  the 
lithium  hydroxide  calorimeter  to  provide  a  very  compact  simple 
system  with  performance  capability  equivalent  or  better  than 
that  provided  by  mass  spectrometry.   This  instrioment  with  the 
oxygen  saturation  monitor  provides  gas  content  information 
for  the  pulmonary  support  system. 
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Another  ultramicro  calorimetric  system  for  indicating  metabolic 
activity  in  individual  cells  by  their  heat  production  has  been 
constructed  and  demonstrated  to  respond  to  heat  produced  by 
hamster  cells  and  swimming  protozoa.   The  present  device  is 
simple,  compact  and  applicable  to  microscopic  assay  of  the 
number  of  cells  responding  to  a  stimulant.   The  heat  produced 
by  the  cell  warms  the  thin  membrane  that  separates  it  from  a 
cheimber  saturated  with  silicone  fluid  that  is  alternately 
condensing  and  evaporating  on  the  membrane.    The  extreme 
sensitivity  of  the  optical  interference  pattern  so  produced 
is  visualizable  as  a  pattern  of  rings  around  the  cell  that 
is  interpretable  in  terms  of  thermal  energy  which  can  be 
estimated  from  area  and  thickness  to  give  volume  of  fluid 
condensed  in  a  time  and  thence  thermal  power  per  cell.   No 
specific  measurements  have  been  made  but  a  working  apparatus  is 
completed.   A  radiation  calorimeter  is  partially  completed  and 
will  be  compared  with  the  above  methods. 

The  use  of  two  phase  liquid  countercurrent  chromatography 
systems  such  as  polyethylene  glycol  and  dextran  which  can 
partition  cells  and  particulates  by  interfacial  forces  and  phase 
systems  for  mucopolysaccharide  separation  requires  specific 
conditions  for  mixing-extraction  and  retention  of  the  stationary 
phases.   Inclination  of  the  helical  columns  and  coiled  helix 
column  at  various  angles  provide  a  wide  latitude  of  conditions 
to  retain  a  specific  fraction  or  phase  and  broaden  the  range 
of  applicability  of  the  system.   Current  experience  confirms 
the  utility  of  the  angle  rotor  model  and  indicates  the  scope 
of  usefulness.   Red  blood  cells  have  been  partitioned;  some 
minor  peaks  in  the  heparin  elution  pattern  indicate  the  freedom 
from  adsorbtion  of  minor  constituents  frequently  noted  in  other 
systems  having  solid  supports  for  the  phases . 

Studies  of  cells  in  capillary  tubes  for  investigating  growth 
and  parcuneters  of  cell  adhesiveness  are  continuing  with 
adaptations  for  the  peculiarities  of  cultured  cells,  stem  cells, 
and  mycoplasma.   Centrifugal  and  flow  shear  forces  have  been 
used  to  evaluate  cell  adhesiveness.   Developments  include  a 
system  to  scan  the  whole  test  tube  for  colony  growth  using 
optical  spatial-modulation  techniques  to  enhance  the  signal 
from  specific  size  colonies  and  discriminate  against  background 
scatter.   Several  of  these  cell  assay  methods  using  scattered 
light  have  been  demonstrated  but  not  perfected. 

In  the  clinical  field  the  need  for  non-invasive  repeatable 
innocuous  diagnostic  tools  is  especially  apparent  in  the 
detection  and  management  of  vascular  disease.   We  are  seeking 
to  determine  the  limits  of  usefulness  of  nuclear  magnetic 
resonance  markers  for  following  changes  in  cerebral  blood  flow 


SH 


and  peripheral  capillary  bed  perfusion.   We  are  evaluating 
ultrasonic  interferometry  for  measuring  specific  pulses  such 
as  eyeball  motion  to  induce  internal  carotid  pathology.   The 
use  of  spectral  shifts  in  backscattered  coherent  narrow  band 
(laser)  light  beeums  from  vascular  tissue  may  be  useful  to 
separate  quantity,  capillary,  arteriolar  and  large  vessel  flow. 

The  NMR  system  has  detected  blood  in  the  neck  bearing  the  marker 
projected  through  the  skull  by  electromagnetic  fields  and 
changes  in  response  to  CO2  inhalation  indicate  that  cerebral 
rather  than  peripheral  flow  is  being  measured. 

In  the  spectral  shift  system  the  changes  in  the  spectrum  when 
the  circulation  is  occluded  and  released  follow  a  time  course 
indicating  resolvable  differences  in  capillary,  arteriolar  and 
large  vessel  effects.   Analysis  of  the  spectral  content  of 
backscattered  light  is  an  attractive  approach  to  evaluation  of 
the  component  of  microvasular  activity  in  peripheral  vascular 
disease,  skin  burn  evaluation  and  possibly  organ  status  by 
laporoscopy  or  in  open  surgical  situations. 

The  section  on  Pulmonary  and  Cardiac  Assist  Devices  has 
continued  to  improve  the  materials  and  construction  of  the 
spiral  coil  oxygenator  and  has  confirmed  that  silicone  membranes 
made  without  the  usual  fumed  silica  show  better  platelet 
survival  when  tested  in  animal  systems.   Refinements  in  the 
membrane  make  it  free  from  holes,  weak  spots,  and  aggregation 
of  silica  or  peroxide  catalyst.   In  addition,  some  experiments 
indicate  that  a  silicone  gum  coating  of  the  entire  perfusion 
system  may  be  desirable.   Application  of  the  spiral  coil 
oxygenator  to  clinical  situations  continues  to  demonstrate  that 
extracorporeal  oxygenation  is  an  under-exploited  technological 
development  that  requires  an  organized  clinical  program  to 
determine  the  benefits  and  limitations. 

Ex  vivo  perfusion  of  isolated  hearts  by  combinations  of  external 
perfusion  systems,  donor  animals  and  various  media  is  being 
carried  out  to  determine  the  requirements  for  maintaining  a 
heart  in  condition  for  delayed  transplant.   The  facilities  and 
technology  available  here  have  made  it  possible  to  set  up 
various  perfusion  circuits,  heat  exchangers,  dialyzers,  and 
oxygenation  in  conjunction  with  continuous  perfusion  from  donor 
sheep.   The  system  has  maintained  sheep  hearts  at  10 °C  for  24 
hours  when  a  small  but  constant  flow  of  fresh  donor  blood  is 
exchanged  for  an  equal  amount  from  the  perfusion  circuit.   It 
would  appear  that  a  system  such  as  this  one  could  be  used  to 
study  the  nature  of  the  required  additives ,  and  the  changes 
induced  by  the  preservation  system. 
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Serial  No.  NHLI-72 

1.   Laboratory  of  Technical  Development 
3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Discrete  Cell  Temperature  Measurement  Study 

Previous  Serial  No. :  NHLI-113 

Principal  Investigator:   E.  Ronald  Atkinson 

Other  Investigator:   Robert  L.  Bowman 

Cooperating  Units:   None 

Objectives:   Cellular  metabolic  processes  produce  heat.   The 
heat  produced  results  in  temperature  gradient  about  living  cells. 
The  objectives  of  this  project  are  (a)  to  determine  a  method 
of  measuring  this  temperature  gradient  about  discrete  cells  in 
vitro,  (b)  to  provide  a  rapid  method  of  measurement,  and  (c)  to 
provide  a  non-destructive  method  of  measurement. 

Methods  Employed: 

(a)  Analysis:   The  analytical  portion  of  the  project  consists 
of  simple  modeling  of  the  thermal  cell-cunbient  situation. 
Adjustable  parameters  are  experimentally  evaluated.   On  the 
basis  of  the  model,  the  instrumental  requirements  for  thermal 
and  spatial  resolution  are  established.  Alternative  physical 
effects  are  considered  for  exploitation  and  preliminary 
selection  made. 

(b)  Materials  Selection:   Materials  having  the  requisite  properties 
are  configured  and  tested  in  a  manner  similar  to  their  actual 

use  in  cell  temperature  determination.   Measurements  of  living 
cells  are  made. 

(c)  Instrumental  Design:   The  most  promising  approach  is  sub- 
jected to  design  optimization.   A  prototype  instrument  is 
feibricated  cind  evaluated.   Performance  limits  and  problem  areas 
are  defined  for  this  class  of  instrument. 

Major  Findings: 

(1)   Updated  MEDLARS  and  Smithsonian  SIE  literature  searches 
indicated  that  no  discrete  cell  temperature  measurements  have 
yet  been  made.   A  number  of  microcalorimetric  studies  of  large 
aggregates  of  cells  were  found.   These  studies  indicate  thermal 
outputs  on  the  order  of  10"^  to  10"  watts/cell  in  actively 

1  ASf 


NHLI-72 

metabolizing  maitimalian  and  bacterial  cells  of  10  to  100  micro- 
meter diameter. 

(2)  A  super-conductive  bolometer  cryostat  has  been  designed, 
falDricated  and  assembled.   The  cryostat  is  being  instrumented 
for  the  regulation  and  measurement  of  the  liquid  ^He  thermal 
pathway  to  measure  the  steepness  of  the  superconductive 
transition  in  thin  film  niobium. 

(3)  Gas  chromatograph  purified  samples  of  cholesteric  liquid 
crystals  have  been  obtained  from  the  Infra-Red  Division  of  the 
U.  S.  Army  Night  Vision  Laboratory,  Ft.  Belvoir.   A  vacuum 
deposited  resistive  thin  film  on  an  optical  thickness  membrane 
has  been  fabricated  to  test  the  sensitivity  of  these  liquid 
crystals  as  thermometers.   Methods  of  deposition  of  cholesteric 
thin  films  are  under  investigation. 

(4)  Chinese  Hamster  cell  culture  lines  and  preparations  of 
wild  lymphocytes  from  mouse  spleen  and  human  peripheral  blood 
were  examined  with  the  "Teensy-Temp" .   Thermal  gradients  were 
observed  about  the  discrete  cells  but  difficulty  was  experienced 
in  cellular  morphology  identification  with  the  reflected  light 
technique  employed  in  the  current  version  of  the  "Teensy-Temp". 
Differential  interference  contrast  reflected  light  microscopy 
was  employed  and  found  promising.   Acquisition  of  an  appropriate 
microscope  is  under  consideration.   "Teensy-Temp"  modification 
to  permit  transmission  microscopy  is  being  examined.   An  easy 
access  thermostatic  housing  was  fabricated  to  simplify  "Teensy- 
Temp"  use  at  temperatures  above  ambient. 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute:  Cell  temperature  measurement  is  fundamental  to 
metabolic,  ontologic,  and  pathologic  cytological  investigations. 

Proposed  Course:   It  is  proposed  to  continue  investigation  of 
materials  and  techniques  to  establish  performance  bounds  and 
develop  configurations  suitable  for  cell  temperature  measurement 
under  controlled  experimental  conditions.   Instruments 
incorporating  selected  configurations  will  be  designed,  fab- 
ricated and  evaluated  in  a  variety  of  experimental  situations. 

Honors  and  Awards:   None 

Publications:   "The  Teensy-Temp:  an  Imaging  Ultramicro- 
Calorimeter" :  by  E.  R.  Atkinson  and  R.  L.  Bowman,  in  "Optics  in 
Diagnostic  Medicine",  S.  Nudelman,  ed.,  Plenum  Publishing 
Corporation,  New  York,  1974. 
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Serial  No.  NHLI-  73 


1.   Laboratory  of  Technical  Development 
3.   Bethesda,  Maryland  20014 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Italy-U.  S.  Cooperative  Science  Program  Project 
P-86:  The  development  of  Instrumentation  for 
the  Investigation  and  Clinical  Application  of 
Blood-Gas  Reactions  in  Normal  and  Abnormal 
Hemoglobins . 

Previous  Serial  No. :  None 

Principal  Investigators:   Robert  L.  Berger 

Luigi  Rossi-Bernardi ,  Milan,  Italy 

Other  Investigators:   F.  Rossi,  M.  Perrella,  and  M.  Luzzana, 

University  of  Milan,  Italy 
W.  F.  Friauf,  BEIB 

J.  Kilmartin,  MRC,  Cambridge,  England 
G.  Vurek,  Lab.  of  Technical  Development 

Cooperating  Units :   Ingold  Electrodes ,  Zurich 

Advanced  Products,  Milan,  Italy 

Project  Description: 

Objectives:   The  total  oxygen  needed  by  a  normal  healty  subject 
is  provided  by  the  circulatory  system  according  to  the  well 
known  equation. 

Oo   consumption  =  cardiac  output  x  arterial-venous  O2 

difference  x  Hb  concent. 

Several  pathological  conditions  can  interfere  with  the  proper 
functioning  of  such  a  mechanism.   The  aim  of  this  project  is  to 
develop  instrumentation  to  provide  a  comprehensive  analysis  of 
the  various  chemical  factors  regulating  the  (A-V)  O,  difference 
or,  more  generally,  the  oxygen  dissociation  curve  (ODC)  of  human 
blood  under  various  physiological  or  pathological  conditions. 
ODC  position  and  shape  is  under  control  of  various  small 
molecules  or  ions,  i.e.  CO2 ,  protons  and  2,3-DPG,  etc. 

Methods  Employed:   A  systematic  analysis  of  the  complex 
interrelationship  aunong  such  variables  and  their  effect  on  ODC 
requires  the  development  of  a  simple  method  to  obtain  ODC  of 
human  blood,  in  vitro,  under  conditions  closely  simulating  the 
in  vivo  situation  of  the  patient. 
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Instruments  are  developed  either  at  N.I.H.,  Milan,  or  more 
often  a  combination  and  then  tested  in  Milan  since  a  large  group 
of  people  exists  for  performing  the  biological  materials.   Close 
cooperation  exists  with  the  medical  school  hospital  where  on- 
line work  will  be  carried  out  on  the  membrane  oxygenator  system 
they  are  installing  (Kolobow  System) .   Proto-types  of  these 
instruments  are  made  and  if  successful,  a  commerically  feasible 
instrument  will  be  built  and  tested.   A  commercial  firm  is 
then  sought  to  manufacture  and  market  the  instruments. 

Major  Findings:   We  have  so  far  been  evaluating  and  developing 
several  methods  for  the  continuous  recording  of  ODC  of  small 
(400-800  yl)  samples  of  human  blood. 

Two  instruments  have  been  developed  during  the  past  year  and  are 
under  test  for  1)  determining  the  precise  amount  of  O2  bound 
to  a  known  amount  of  Hb  at  a  known  partial  pressure  and  2)  a 
small  fast  ODC  determination  on  a  few  microliters  of  blood  or  Hb. 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute:   The  development  of  a  simple  instrument  for  rapid 
determination  of  the  oxygen  dissociation  curve  on  10  ml   of 
blood  would  be  of  great  importance  in  estimating  the  status  of 
infants  during  respiratory  failure,  operating  room  status  of 
patients  under  anesthesia,  and  emergency  room  patients  in  shock, 
heart  attacks,  etc. 

Proposed  Course:  The  two  instruments  will  be  further  evaluated 
and  engineering  design  built  and  tested  with  normal  and  sikle 
cell  blood.   The  effect  of  cynate  on  sickle  cell  blood  will  be 
further  explored. 

Honors  and  Awards :   None 

Publications:   None 
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1 .   Laboratory  of  Technical  Development 
3.   Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   The  Development  of  Methods  for  Investigating 

the  Mechanism  of  Biochemical  Reactions  Important 
in  Cardiology,  Pulmonary  and  Respiratory 
Function,  and  in  the  Circulation. 

Previous  Serial  No.:  NHLI-115 

Principal  Investigator:   Robert  L.  Berger 

Other  Investigators:   J.  Frolich,  NICHD 

M.  Marini,  Dept.  Biochem. ,  Northwestern 

Medical  School 
N.  O.  Kaplan  &  J.  Everse,  U.  of  California 

San  Diego  Medical  School 
L.  Rossi-Bernardi ,  University  of  Milan 
T.  Asakura,  J.  A.  McCray,  &  P.  Smith, 

Johnson  Foundation,  Univ.  Of  Pennsylvania 
W.  F.  Friauf,  BEIB 

R.  Shrager,  DCRT,  Lab.  Physical  Sciences 
M.  Sapoff,  Thermometries,  Inc. 

Project  Description: 

Objectives:   The  objectives  of  this  project  are  to  develop  new 
instrumentation  methods,  data  handling  techniques  and  theoretical 
treatments  for  the  physiochemical  study  of  the  thermodynamics, 
kinetics  and  thus  the  mechanisms  of  enzyme  action  in  solutions 
and  in  the  intact  cell  or  cell  membrane.   In  particular,  to 
study,  in  collaboration  with  other  laboratories,  the  reactions 
of  hemoglobin  with  the  respiratory  gases  both  in  the  normal 
state  and  as  modified  by  the  changes  of  physical  factors,  small 
molecules,  various  metabolites,  and  genetically,  such  as  in 
sickle  cell  anemia.   The  reactions  of  various  cellular  enzymes, 
particularly  ATPase  and  lactate  dehydrogenase,  and  their 
interactions,  and  control,  in  the  cell  are  studied  as  they 
relate  to  the  hemoglobin  reactions  in  cardiology,  pulmonary  and 
respiratory  function,  and  circulation.   Where  appropriate 
application  is  indicated,  clinical  analytical  methods  are 
developed  using  these  techniques. 

Methods  Employed:   The  methods  used  in  the  investigation  of  the 
mechanisms  of  enzyme  action  are  those  of  pre-steady  state 
chemical  kinetics  and  thermodynamics.   Measurements  of  the 
appropriate  parameters  are  made  by  building  the  necessary 
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equipment  to  mix  solutions  rapidly  and  follow  the  course  of 
the  resulting  chemical  reactions  by  optical,  thermal,  glass 
electrode,  etc.,  detectors.   In  general,  equipment  is  not 
available,  either  in  the  literature  or  commercially,  for 
investigations  in  this  area.   Such  apparatus  is  conceived  and 
designed  in  this  laboratory,  together  with  consultants, 
construction  being  carried  out  wherever  most  appropriate;  i.e., 
in  our  shops  or  by  commercial  firms.   Special  university 
facilities,  or  at  the  several  special  research  laboratories  such 
as  the  Jet  Propulsion  Laboratory.   A  special  effort  is  then 
made  to  produce  commercial  versions  of  the  equipment  available 
to  the  public.   In  pursuing  these  investigations,  a  wide 
variety  of  physical  parameters  must  be  studied,  which  leads 
to  the  need  for  an  understanding  of  the  underlying  physical 
theory  governing  the  reactions .   Expert  consultants  cuid 
collaborators  are  brought  in  to  assist  in  the  design,  analysis, 
and  evaluation  of  the  equipment,  particularly  as  it  applies  to 
certain  specific  enzyme  systems  under  investigation. 

A  number  of  difficult  technical  problems  which  have  plagued  the 
efficient  operation  of  the  high  speed  flow  system  have  finally 
been  solved  and  it  is  operating  well  in  the  absorption, 
fluorescence  and  laser  flash  photolysis  mode. 

A  dead  time  of  225  microseconds  is  now  routine  and  the  laser 
flash  can  then  extend  this  to  one  microsecond  for  observing  the 
reaction  of  oxygen  with  hemoglobin. 

Thermal  detection  using  thermistors  has  been  extended  to  3 
milliseconds  and  a  sensitivity  of  100  microdegrees. 

A  quench  flow  apparatus  has  been  completed  for  use  in  the 
study  of  sacroplasmic  reticulum  with  a  time  resolution  of  1 
millisecond.   ATP  and  SA  are  mixed,  Ca  added  at  various  times 
and  then  the  whole  acid  quenched  at  various  times. 

A  three  syringe  drive  double  mixer  stopped  flow  is  operating 
routinely  with  variable  ratio  mixing  between  two  of  the 
syringes.   Ratios  of  1:1,  1:2,  1:5,  1:10,  and  1:20  are  reliably 
obtained.   Digital  data  acquisition  is  available  on  all  units 
and  digital  tape  cassette  storage  is  utilized  for  simultaneous 
data  collection  from  various  instruments.   Processing  is  done  on 
the  DCRT-PDP-10. 

A  precision  thermistor  bridge  and  thermistor  has  been  developed 
for  use  in  the  thermal  titration  calorimeter  or  the  high  speed 
stopped  or  continuous  flow  calorimeter.   Comparisons  and 
evaluations  have  been  made  with  several  other  types  of  detectors 
including  the  platinum  resistance  thermometer,  thermocouple, 
transistor  thermometer,  and  capacitance  thermometers.   At  this 
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time  the  best  detection  for  our  purpose  seems  to  be  a  specially 
constructed  20-lOOK  ohm  thermistor  used  in  conjunction  with 
a  new  A.  C.  -  lock-in  eunplifier  bridge.   The  sensitivity  of 
the  system  is  equivalent  to  a  peak-to-peak  noise  of  25x10"'^*'  C 
with  a  100  millisecond  time  constant  and  l>iw  power  dissipation 
in  the  thermistor.   Long  term  drift  of  the  bridge,  without 
an  oven,  was  1  micro-degree  per  minute. 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute:   An  understanding  of  the  basic  mechanisms  of  disease 
is  a  prerequisite  to  prevention  of  cure.   The  investigation  of 
the  reaction  of  the  respiratory  gases  with  hemoglobin,  the  red 
cell,  and  cytochrome  oxidase  in  heart  muscle  cells  is  funda- 
mental to  an  understanding  of  normal  cell  respiration  and 
particularly  to  what  has  gone  wirong  as  in  the  case  of  sickle 
cell  anemia,  mycardial  infarction,  etc.   It  is  hoped  that  this 
research  will  result  in  instrumentation  to  permit  the  medical 
scientist  to  perform  research  leading  to  clarification  of  the 
ways  in  which,  for  example,  sickle  cell  anemia  can  be  managed 
by,  say,  the  use  of  cynate,  which  we  know  binds  to  the  charged 
terminal  -amino  groups  of  the  hemoglobin  molecule.   The 
extension  of  such  investigations  to  other  disease  systems  and 
possible  results  seem  abundantly  clear  in  terms  of  preventive 
medicine  and  improvement  in  health  care. 

Proposed  Course:   Several  new  light  sources  and  filter  arrange- 
ments will  be  tried  with  the  high  speed  stopped  flow  to 
improve  the  signal-to-noise  ratio.   Lycra  coatings  will  be 
tried  on  the  thermistors  and  pH  electrode  to  try  and  protect 
them  from  proteins.   For  the  pH  electrode  this  is  vital  if  a 
reasonable  speed  is  to  be  obtained  in  protein  solutions. 
A  new  dual  high  input  impedance  pH  meter  will  be  tested  using 
a  glass  electrode  as  a  reference,  or  where  fluoride  is 
desired  to  be  detected  in  the  presence  of  K,  then  a  K  specific 
ion  electrode  will  be  used  as  the  reference.   A  new  high  speed 
stopped  flow  calorimeter  will  be  built  for  optical  thermal 
work  on  cells. 

Honors  and  Awards :   None 

Publications : 

1.  Temperature,  Its  Measurement  and  Control  in  Science  and 
Industry,  Vol.  5,  Part  3,  Biology  and  Medicine,  Ed.  R.  L. 
Berger,  ISA  (1973)  . 

2.  Berger,  R.  L. ,  et.  al.  Clinical  Thermometry  Round  Table, 
in  Temperature,  Its  Measurement  and  Control  in  Science 
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Project  Description: 

Objectives:   Virtually  all  chemical  reactions  produce  heat 
and  calorimetry  has  long  been  used  to  investigate  them.   For 
biological  use,  however,  high  sensitivity,  small  volumes  of 
reactants ,  and  short  equilibration  times  are  needed.   It  is 
the  objective  of  this  project  to  develop  such  an  instrument  for 
use  in  the  time  range  of  a  few  seconds  to  1  or  2  hours. 

Methods  Employed:   Initial  designs  are  constructed  in  this 
laboratory  with  special  assistance  from  commercial  firms  in  the 
construction  of  sensors;  contracts  are  let,  where  warranted, 
for  the  development  of  a  completed  instrument  with  refinements 
that  would  tax  our  own  facilities.   The  instrument  is  then 
tested  in  conjunction  with  other  interested  biochemical 
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calorimetrists  utilizing  appropriate  enzymatic  and  cellular 
reactions . 

Major  Findings: 

The  NBS-NIH  batch  calorimeter  (Evans,  et.  al.,  Chem.  Instr.2^, 
249,  1969  ;  Prosen,  NBS  Report  No.  73-179,  1973)  or  the  NIH 
stopped  flow  calorimeter  has  been  used  to  assay  uric  acid  and/ 
or  uricase  as  well  as  chicken  heart  lactate  dehydrogenase  in 
solution  and  bound  to  glass  beads.   The  specific  activity, 
based  on  the  mg  of  protein  bound  to  the  beads,  was  found  to  be 
comparable.   Sample  size  in  the  batch  system  was  150  microliters 
giving,  for  example,  a  sensitivity  of  0.2  nanomoles  of  uric 
acid.   The  power  sensitivity  of  both  instruments  is  0.1  micro- 
watts.  The  instruments  can  be  used  in  either  the  thermodynamic, 
i.e.,  enthalpy,  and  thus  absolute  concentrations,  or  the 
kinetic  mode  by  use  of  the  finite  element  corrections  done  by 
computer,  (Davids  &  Berger,  Currents  in  Mod.  Biol.  3^,  169,1969). 

Considerable  improvement  in  the  electronics  used  in  these 
calorimeters  has  been  achieved  resulting  in  a  peak-to-peak 
noise  of  5  nanovolts,  in  a  5  sec.  time  constant.   This  re- 
presents a  sensitivity  of  .4  microjoules  (     .1  microcalorie) . 
A  new  integrator  has  been  constructed  and  tested.   It  is 
working  well  and  has  assisted  greatly  in  speeding  up  the  use 
of  the  calorimeter.   A  preliminary  automatic  flow  loading 
system  has  been  built  along  with  a  pre-heater  for  the  flow 
calorimeter.   This  has  permitted  kinetic  experiments  every 
five  minutes.   Improvement  in  the  overall  function  of  the 
stopped- flow  system  has  brought  it  to  the  sensitivity  of  the 
batch  system. 

Hemoglobin 

The  heat  of  deoxygenation  of  normal  and  sickle  cell  human 
hemoglobin  and  RBC  was  investigated  using  the  batch-type  NBS- 
NIH  microcalorimeter.   The  deoxygenation  of  oxy-hemoglobin 
was  carried  out  according  to  the  following  reaction: 

Hb02  +  S2O42-  +  20H~  +  H+   ^-   Hb''"  +  SO^^"  +  S03^"  +  H2O 

Both  oxyhemoglobin/or  RBC  and  sodium  dithionate  were  in  0.1  M 
phosphate/ . IMKCl  buffer,  pH=7.4  and  the  reactions  were  carried 
out  at  SO^C.   Concentration  of  Hb02  (RBC  hemolyzed)  was  made 
spectrophotometrically  and  the  heat  effect  observed  was 
corrected  for  heat  of  HbOo/RBC  dilution,  phosphate  buffer 
titration, 714  cal/mole,  dithionate  oxydation  by  Hb02  and 
free  O,*  161.14  x  103  cal/mole  (Dr.  Barren) , formation  of  HbH+  was 

-3 
*  Assumed  that  concentration  of  free  O2  in  solution  =  0.2x10  M 
and  that  in  the  vapor  space  above  the  solution  was  1.34x10"^  moles, 
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8xlo3  cal/mole  (Dr.  Marini) 

The  calculated  values  for  AH  are: 


Hb02  Cone. 

Hb(A) 

54xlO~S  moles 

RBC(A) 

123x10-8  moles 

Ave. 

Hb(S) 
RBC(S) 

30x10-8  moles 
30x10-8  moles 

AVE. 

Heat  of  Sickling 

AH 


5.4xl03  cal/mole 

4.4x10^  cal/mole 
4.9x10  cal/mole 

11.5x10^  cal/mole 

10.6xl03  cal/mole 

11. 1x10 J  cal/mole 

4.9x10^  cal/mole 

6.2x10-^  cal/mole 

Experiments  of  a  similar  nature  were  performed  using 
Ferricynide.   The  reactions  were: 

1)  Hb02  +  H3  [Fe  (CNg)  J  ->-  Hb"*"  +  O2 

2)  Hb  +  H+  ^HbH"*" 

3)  Hb  +  K3  [Fe  (CN)g  -»-Hb"^ 

Hb  cone,  was  3.23xlO--^M 

Correcting  (3)  for  (2)  and  taking  the  difference  with  (1) 

gives  3.92xl03  cal/mole  by  the  dithionate  method  for  the  heat  of 

deoxygenation • 

Uric  Acid  in  Human  Serum 

Determination  of  uric  acid  in  human  serum  using  the  uricase- 
catalase  coupled  reaction  was  carried  out  calorimetrically 
and  results  obtained  were  compared  with  those  using  a  routine 
clinical  procedure. 

The  calibration  curve  was  determined  using  standard  solutions 
of  known  amounts  of  the  uric  acid  (range  between  3x10-5  _ 
5.7x10-4m)  in  Tris-HCl  buffer,  pH=9.   Calorimetric  experiments 
were  carried  out  on  the  batch-type  NBS-NIH  microcalorimeter , 
at  30°C.  AH  for  the  coupled  enzymatic  reaction  was  found  to 
be  27.3xl03  cal/mole. 

The  serum  samples,  diluted  in  the  Tris-HCl  buffer  were  reacted 
with  the  enzymes  under  identical  conditions  and  the  amount  of 
uric  acid  was  determined  using  the  calibration  curve. 
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The  results  obtained  by  this  method  are  in  good  agreement  with 
those  obtained  by  the  standard  clinical  method.   However, 
it  was  found  that  the  microcalorimetric  method  gave 
consistently  higher  values  for  uric  acid  in  serum  (by  0.5  mg/ 
100  ml  or  0.45xl0~8  moles).   The  same  effect  was  observed 
when  protein  was  added  to  the  standard  solutions  of  uric  acid 
and  it  can  be  assumed  that  some  side  reactions  of  protein- 
products  were  contributing  to  the  observed  net  heat  effect  of 
the  investigated  reaction. 

Determination  of  trypsin  in  stool  samples  was  carried  out  by 
the  same  method  as  described  for  uric  acid.   The  calibration 
curve  was  obtained  by  using  BAEE  (N-benzoyl-L-arginine  ethyl 
ester)  as  the  substrate  specific  for  trypson.   The  reaction  was 
carried  out  in  Tris-HCl  buffer,  pH=  7.8   at  SCC.   (AH  = 
9.8x10^  cal/mole) .  It  was  observed  that  when  concentration  of 
substrate  was  constant  the  varying  amount  of  enzymes  could  be 
determined  from  the  slope  of  the  thermogram.   Effect  of  enzyme 
concentration  on  the  light  of  the  thermogram  as  well  as  the 
duration  of  the  reaction  was  also  well  pronounced  and  indicative. 

This  method  could  not  be  compared  to  the  method  used  in  clinical 
laboratory  as  there  is  no  routine  method  which  could  be  used 
for  determination  of  trypsin  concentrations. 

Using  the  titration  calorimeter,  with  the  new  thermister  and 
bridge  mixtures  of  model  compounds  containing  ionizing  residues 
representing  those  commonly  found  in  proteins  have  been 
titrated  and  the  resulting  potentiometric  curves  have  been 
analyzed  for  the  ionization  constants  (pK')  and  the  concentra- 
tions of  each  group  (N)  by  means  of  a  computer  assisted  curve 
fitting  procedure.   Such  an  analysis  allows  a  number  of 
solutions  and  the  correct  constants  are  obtained  when  constraints 
are  introduced.   For  many  proteins,  however,  the  proper  con- 
straints may  not  be  known.   It  is  possible  to  determine  which 
set  of  ionic  parameters  is  correct  by  means  of  thermal 
titrimetry.   The  experimental  heat  curve  (thermogram)  of  the 
protein  is  obtained.   Using  the  ionic  parcimeters  which  have 
been  evaluated  from  the  potentiometric  curve  and  the  known 
heats  of  ionization,  a  thermogram  is  calculated.   The  calculated 
and  experimental  curves  are  coincident  only  where  the  proper 
ionic  parameters  are  used.   Alternately,  computer  assisted 
solution  of  the  thermogram  for  pK'  and  N  yield  values  which  may 
be  compared  to  those  found  for  the  potentiometric  curve.   Only 
those  values  which  are  coincident  can  be  used  to  adequately 
explain  both  sets  of  experimental  data.   Thus,  by  utilizing 
the  two  separate  experimental  approaches,  potentiometry  and 
thejnnal  titrations,  it  is  possible  to  obtain  the  proper  pK' ,  N 
and  AHi  for  the  mixtures  which  have  been  studied. 
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A  mixture  of  acids  with  known  pK'  and  a  known  concentration 
were  dissolved  to  simulate  the  ionic  character  of  hemoglobin. 
The  titration  curves  of  the  mixture  were  obtained  in  water 
and  3.6  M  KCl  at  20°.   These  curves  were  subjected  to  anlysis 
by  a  reiterative  curve  fitting  procedure  to  determine  if  one 
could  evaluate  both  the  group  ionization  constants  and  the 
numbers  of  groups.   This  approach  was  successful  in  that  the 
calculated  parameters  were  within  the  experimental  error 
encountered  in  obtaining  these  constants  on  each  of  the  model 
compounds.   However,  analysis  for  the  electrostatic  interraction 
parameter,  w,  indicated  that  there  was  a  possible  effect  on  the 
ionization  of  formic  acid,  pyridine,  imidazole  and  the  a-amino 
group  of  glyclylglycine  in  water  and  on  imidazole  and  the 
a-amino  group  of  glycylglycine  in  3.6  M  KCl. 

The  coagulation  of  plasma  by  thrombin  has  been  studied  with 
the  titration  calorimeter  at  2  0°C.   Upon  the  addition  of  thrombin 
to  plasma,  three  distict  alterations  in  the  thermal  pattern  are 
seen.   The  precoagulation  region  is  generally  exothermic 
although  occasionally,  with  some  plasmas,  cooling  is  observed. 
The  coagulation  region  is  defined  by  a  sharp  exotherm,  a 
plateau,  and  then  a  sharp  endotherm.   Post-coagulation  is 
generally  a  long  exothermic  region  which  is  partially  due  to 
the  frictional  heat  produced  from  the  coagulum.   Five  normal 
patients  were  assayed.   The  thrombin  clotting  times  ranged 
from  33  to  48  s  with  a  standard  deviation  of  3  s.   After 
storage  at  -20''C  for  10  days,  the  plasma  showed  a  decrease  of 
about  8  s  in  the  clotting  time.   The  coagulation  times  were 
found  to  be  dependent  on  both  the  fibrinogen  levels  and  the 
thrombin  concentration  in  addition  to  other  unknown  factors. 
Fibrinogen  content  corresponded  roughly  to  the  heat  rise 
during  coagulation.   Heparin,  in  a  final  concentration  of  0.25 
units/ml  prevented  coagulation  for  more  than  15m  after  the 
addition  of  12.5  units  thrombin.   Under  normal  conditions, 
0.025  units  heparin  per  ml  doubled  the  clotting  time. 
Coagulation  of  fibrinogen  alone  gave  a  different  thermogram 
in  that  the  coagulation  region  was  prolonged  and  there  was 
very  little  or  no  heat  generated  after  the  clot  had  formed. 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute:   The  use  of  these  methods  as  an  analytical  tool  for 
clinical  chemistry  shows  considerable  promise  as  a  means  of 
improving  the  accuracy,  precision,  and  thruput  of  clinical 
tests.   In  addition,  it  makes  possible  the  use  of  many  new 
tests  for  enzyme  or  substrate  tests,  antigen-antibody  reactions, 
coagulation  tests,  etc.,  which  are  not  now  able  to  be  done  due 
either  to  the  lack  of  a  suitable  detection  method  or  to  the 
fact  that  the  present  tests  are  long,  have  high  variability, 
and  are  therefore  not  used. 
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Perhaps  of  more  importance  from  the  long-range  significance 
of  this  project  is  the  possibilities  that  the  calorimeter 
offers  for  the  study  of  many  biochemical  reactions  which 
cannot  now  be  investigated  due  to  a  lack  of  a  suitable 
detector  of  the  reaction.   An  example  of  current  interest  is 
the  many  steps  preceeding  final  coagulation  that  occurs  in  the 
forming  of  a  thrombus. 

Proposed  Course : 

Further  work  on  the  heat  of  deoxygenation  using  glucose    and 
glucose    oxidase  to  deoxygenate  normal  and  sickle  cell 
blood  will  be  continued  in  the  first  constructed  flow  calori 
meter.   Testing  of  this  system  using  Tantalum,  Carpenter  20 
stainless  steel  and  plastic  flow  cells  will  start  coupled  to 
the  automatic  flow  system  developed  to  cycle  reactants  and 
wash  solutions.   The  differential  batch  NIH. 

Honors  and  Awards :   None 

Publications :  None 
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Project  Description:   The  objectives  of  this  project  are  two- 
fold; the  first  is  to  adapt  the  capillary  scanning  instrument  to 
the  various  requirements  of  biomedical  research  by  cooperating 
with  potential  users  of  the  method  to  develop  the  techniques 
necessary  to  facilitate  the  utilization  for  clinical  and  research 
application.   The  second  is  to  develop  other  methods  where  this 
technique  is  not  applicable.   At  the  present  time  efforts  have 
been  expended  in  the  following  areas  of  endeavor. 

A.  Developing  methods  of  pulse  height  discrimination  for 

(1)  segregating  types  of  bacterial  colonies  during  incuba- 
tion, and  (2)  studying  the  effects  of  growth  factors  and 
environment  on  mammalian  cells. 

B.  Developing  methods  for  early  detection  of  mycoplasma 
(pneumonia) . 

C.  Developing  methods  for  detecting  the  adhesive  qualities  of 
hepatoma  and  other  cells. 
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D.   Developing  methods  for  assaying  bone  marrow  stem  cells. 

A.  A  bread-board  model  pulse  height  discriminator  has  been 
built  and  the  growth  of  stem,  myeloma,  hepatoma  cells  has  been 
demonstrated.   In  addition,  it  has  been  found  that  a  measurement 
of  total  growth  of  all  viable  colonies  in  a  capillary,  i.e., 
the  integration  of  light  scattered  pulses,  provides  another 
distinctive  and  sensitive  parameter  for  growth  analysis.   Both 
of  these  parameters,  total  growth  and  pulse  height  discrimina- 
tion, have  been  designed  and  fabricated  in  a  new  unit  that  is 
presently  undergoing  test.   Subsequent  work  will  be  to 
characterize  the  growth  of  myeloma,  hepatoma,  and  stem  cells 
under  specific  environmental  conditions. 

B.  Previous  indications  have  shown  that  itj^coplasma  can  be 
detected  by  scattered  light  within  48  hours  (compared  to  10  day 
incubation  period  normally  required) .   Growth  in  agar  has  not 
been  conducive  to  growth.   Growth  in  broth  and  in  thin  films 

of  agar  has  been  successful  but  not  optimal.   A  new  technique, 
based  on  the  previous  experience  of  growing,  mycoplasma  on  thin 
films  of  agar,  has  shown  more  optimal  growth.   This  consists  of 
introducing  the  mycoplasma  in  solution  to  the  surface  of  a 
thick  (2mm)  surface  of  agar  in  a  number  of  thin  lines  that  are 
optically  aligned  to  the  capillary  scanner.   Further  testing 
of  this  technique  is  under  way. 

C.  The  adhesiveness  of  cells  to  glass  is  related  to  the 
characteristics  of  the  cell  surface  or  membrane.   This 
adhesiveness  has  been  used  as  a  measure  for  alterations  of  this 
surface  by  gluco-cortecoids  and  other  substances .   The  capillary 
tube  and  the  detection  of  scattered  light  provides  a  relatively 
easy  means  for  assaying  the  property  of  cell  adhesiveness. 
Preliminary  work  has  shown  that  hepatoma  cells  grown  in  media 
within  a  capillary  tube  adhere  to  the  glass  and  can  readily  be 
counted.   The  capillary  also  provides  a  means  for  washing  off 
the  media  and  non-adhered  cells  and  monitoring  the  growth  of 
adhered  cells. 

Two  methods  of  assaying  adhesiveness  have  been  investigated. 
The  first  is  to  wash  the  cells  in  the  capillary  using  known 
shearing  forces  ie.e.;  wash  the  cells  using  constant  pressure. 
The  other  has  been  to  centrifuge  the  cells  in  the  capillary 
removing  all  but  the  adhered  cells.   Both  of  these  methods 
have  shown  promise  for  adhesive  assay  along  with  the  possibility 
of  using  these  methods  to  synchronize  cell  growth  and  for  cell 
separation.   Studies  so  far  have  indicated  that  the  small 
immature  cells  have  much  greater  adhesive  qualities  than  larger 
groups.   Subsequent  work  will  be  aimed  at  determining  which  of 
the  techniques  provides  more  optimal  results  for  cell  adhesion 
and  to  investigate  the  use  of  these  methods  for  cell  separation 
and  synchronization. 
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D.   A  new  method  of  culturing  human  bone  marrow  stem  cells 
has  been  developed.   The  cultures  are  grown  in  large  plastic 
test  tubes  and  the  stem  cells  grow  more  profusely  and  reliably 
than  in  Petri  dishes  or  capillary  tubes.   This  was  shown  in  a 
series  of  tests  with  human  stem  cells  wherein  samples  were 
extracted  into  capillaries  at  various  intervals  during  their 
growth  in  the  large  tubes.   This  new  method  has  caused  us  to 
investigate  the  possibility  of  detection  assay  within  the  larger 
test  tube  directly.   The  colonies  are  very  few  in  relation  to 
the  total  volume  of  the  culture  flask,  therefore,  to  detect 
these  by  light  transmission  would  be  very  difficult.   Although 
the  media  scatters  a  lot  of  light,  liquid  scattering  seems  to 
be  the  easiest  method  for  detection  and  assay.   Two  methods  are 
being  considered,  both  using  scattered  light.   The  first,  which 
is  presently  undergoing  test,  is  to  pass  the  scattered  light 
beam  through  a  rotating  grid  which  will  discriminate  the 
scatter  of  colonies  from  the  background  scatter  of  the  media. 
This  will  allow  a  large  volume  of  the  culture  to  be  Scimpled 
at  one  time.   The  other  method  is  to  use  the  capillary 
scanning  technique  directly  on  the  tube  but  to  rotate  it  in  an 
eccentric  manner  so  as  to  view  a  large  volume  of  the  tube. 
Either  one  of  these  methods  would  apply  where  a  small  number 
of  colonies  are  grown  in  a  large  volume  of  media. 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute:   The  utilization  of  capillary  tube  scanning  techniques 
in  bacteriology  and  mammalian  cell  cultures  provides  (a)  means 
of  detection  very  early  in  the  growth  of  colonies,  and  (b) 
methods  that  are  rapidly  adaptable  to  automation  and  require 
extremely  small  samples.   The  application  to  the  study  of  cell 
metabolism,  metabolic  defects,  oncology,  and  clinical  cell 
sample  assay  is  anticipated. 

Proposed  Course: 

A.  Develop  hardware  for  pulse  height  analysis  and  investigate 
its  utilization  for  segregation  of  two  or  more  organisms 
by  their  growth  rates,  and  characterize  cell  growth  under 
varying  conditions. 

B.  Develop  techniques  to  apply  capillary  scanning  for  detecting 
and  measuring  mycoplasma  (pneumonia) . 

C.  Investigate  the  potentials  of  the  instrument  for  determining 
cell  adhesiveness,  cell  synchronization  and  cell  separation. 

D.  Optimize  these  techniques  for  bone  marrow  stem  cell  assay. 
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Honors  and  Awards:   None 

Publications: 

1.   Sponzo,  R. ,  Carmeci,  P.,  Bull,  J.,  and  Carbone,  P.: 

Capillary  Tube  Scanning  Applied  to  In-Vitro  Human  Marrow 
Granulocyte  Growth.   J.  Nat.  Cancer  Inst.  (In  Press). 
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1.   Laboratory  of  Technical  Development 
3 .   Bethesda ,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Methodology  in  Fluorescence  Measurements 

Previous  Serial  No. :  NHLI-118 

Principal  Investigator:   Raymond  F.  Chen 

Other  Investigators :   None 

Cooperative  Units:   None 

Objectives:   To  develop  new  methods  and  instrumentation  in 
fluorescence  spectroscopy,  a  technique  which  is  now  one  of  the 
most  powerful  tools  of  the  physical  biochemist. 

Methods  Employed:   In  the  past,  we  have  started  with  commercially 
produced  apparatuses,  and  modified  them  to  perfrom  tasks  for  which 
they  were  not  originally  designed.   For  example,  the  spectro- 
fluorometer  was  modified  to  do  polarization,  stopped-Flow,  and 
corrected  spectral  measurements.   Also  we  try  to  develop 
techniques  of  using  such  equipment  for  facilitating  measurements 
of  various  parameters. 

Major  Findings: 

1.  We  have  carried  through  the  project,  using  fluorescent 
lifetime  standards,  to  show  how  lifetimes  can  be  determined 
without  need  for  deconvoluting  complex  functions  obtained  by 
lifetime  apparatuses  such  as  the  ORTEC  9200  and  the  TRW  instru- 
ment.  By  using  quinine  with  different  amounts  of  Cl~  present, 
or  pyrenebutyric  acid  with  I~,  it  is  possible  to  make  standards 
having  known  lifetimes  from  0.189  to  115  nsec .   A  paper  was 
published  giving  the  makeup  of  such  solutions. 

2.  Considerable  progress  has  been  made  in  interfacing  the  ORTEC 
9200  system  to  various  digital  processing  units.   The  multi- 
channel analyzer  has  now  been  modified  to  give  a  direct  readout 
on  the  teletype,  which  can  simultaneously  record  the  data  on 
tape.   The  tape  then  serves  to  input  the  data  after  the  teletype 
is  connected  to  the  central  processing  unit  via  dataphone.   Also, 
the  multichannel  analyzer  now  can  be  connected  to  the  cassete 
recording  system  through  the  Datagraphics  interface.   This 
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method  of  recording  the  data  is  faster  and  more  efficient  than 
the  teletype,  but  ties  up  the  Tektronix  4010  terminal.   We  have 
written  programs  to  simulate  the  fluorescence  decay  functions 
based  on  mixing  the  light  pulse  with  decays  represented  by  1 
and  2  exponentials.  * 

3.  We  have  found  a  simple  way  to  follow  the  course  of  tryptophan 
containing  compounds  down  a  sephadex  column.   The  tryptophan 
compounds  are  colorless,  but  absorb  below  290  nm.   Sephadex  is 
also  colorless,  but  can  be  labeled  with  a  fluorescent  dye,  dansyl 
chloride.   If  the  column  is  made  up  in  a  quartz  tube,  the 
fluorescence  of  the  dansyl  sephadex  can  be  excited  with  a 
"blacklight"  emitting  largely  at  254  nm.   The  position  of  the 
tryptophem  compounds  can  clearly  be  identified  by  the  shadow 
they  cause  when  they  filter  out  the  light,  preventing  the  dyed 
column  medium  from  being  illuminated. 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute:   Since  the  spectrofluorometer  was  developed  in  these 
laboratories  about  20  years  ago,  fluorescence  has  continued  to  be 
part  of  the  activities  in  which  contributions  have  been  made. 
At  the  present  time,  fluorescence  spectroscopy  has  become  an 
extremely  popular  tool,  and  much  of  the  credit  for  this 
situation  goes  to  workers  who  concentrate  on  the  development  of 
various  phases  of  the  method  itself. 

Proposed  Course:  As  our  expertise  with  the  computer  develops  we 
will  use  the  ORTEC  single-photon  counting  system  to  measure 
polarization  in  the  nanosecond  range ,  add  a  monochromator  to 
examine  spectral  changes ,  and  automate  time-resolved  analytical 
methods  which  are  based  on  determining  components  of  a  mixture 
on  the  basis  that  their  lifetimes  are  different. 

Honors  and  Awards:   None 

Publications : 

1.   Chen,  R.  F. :Fluorescence  Lifetime  Reference  Standards  for 
the  Range  0.189  to  115  Nanoseconds,  Anal.  Biochem.  57, 
593-604,  1974. 


$Sf 


Serial  No.  NHLI-7( 


1.   Laboratory  of  Technical  Development 
3.   Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Applications  of  Fluorescence  in  Biochemistry      I 

Previous  Serial  Number:  NHLI-119  • 

Principal  Investigators  Raymond  F.  Chen 

Other  Investigators:   Dr.  Albert  Light 

Cooperating  Units:   Laboratory  of  Chemical  Biology,  NIAMD 

Project  Description: 

Objectives:   The  aim  of  this  work  is  to  solve  certain  biochemical 
problems  which  are  best  approached  with  fluorescence  technic[ues. 
In  this  way,  we  obtain  results  which  are  intrinsically  important 
and  also  demonstrate  the  applicability  of  methods  which  we 
previously  developed  in  the  fluorescence  field. 

Methods  Employed:   For  measurement  of  static  fluorescence,  we 
used  techniques  centered  about  the  Aminco-Bowman  spectroflurometer 
which  we  have  adapted  for  measuring  fluorescence  polarization, 
quantum  yields,  and  corrected  spectra.   In  addition,  we  had 
developed  methods  to  measure  stopped-flow  fluorescence,  and 
lifetimes.  , 

Major  Findings: 

1.   Using  the  technique  of  stopped-flow  fluorescence,  several 
problems  have  been  studied.   In  collaboration  with  Dr.  Light, 
from  Dr.  Anfinsen's  laboratory,  we  studied  the  recombination 
of  fragments  produced  by  tryptic  digestion  of  staphylococcal 
nuclease.   The  enzyme  has  only  one  tryptophan  residue,  and 
combination  of  a  fragment  containing  tryptophan  with  fragments 
without  tryptophan  resulted  in  an  increase  in  tryptophan 
which  followed  first  order  kinetics.   This  was  interpreted  by 
a  model  which  assumes  prefolding  of  one  of  the  two  fragments, 
or  the  folding  of  an  intermediate  complex.   In  a  different  study, 
the  binding  of  bilirubin  to  serum  albumin  was  studied  by 
stopped-flow  examination  of  the  development  of  bilirubin 
fluorescence  (excited  at  460,  emission  at  520)  as  well  as  the 
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quenching  of  protein  fluorescence  (excited  at  280,  emission  at 
340).   The  binding  process  was  found  to  be  very  fast,  so  that 
there  is  an  immediate  quenching  of  protein  fluorescence,  follow- 
ed by  a  slower  rise  in  bilirubin  fluorescence.   A  third  process, 
shown  by  a  slower,  secondary  quenching  of  protein  fluorescence 
was  also  detected.   These  results  were  interpreted  as  indicating 
that  bilirubin  must  coil  up  into  a  specific  conformation  before 
being  able  to  fluoresce,  and  the  secondary  protein  fluorescence 
quenching  is  due  to  a  readjustment  of  the  bilirubin-albumin 
complex,  such  as  repositioning  of  the  bilirubin. 

2.  Effect  of  metal  ions  on  protein  luminescence.   Previous 
studies  in  this  laboratory  had  shown  that  Hg++  quenches  protein 
fluorescence,  and  Ag*  has  a  similar  effect  due  to  both  a  direct 
quenching  effect  on  indole  groups,  and  an  indirect  quenching 
via  energy  transfer  to  an  absorption  band  generated  by  silver 
mercaptide  bonds.   We  pursued  these  studies  further  and  showed 
that  the  quenching  of  these  metal  ions  was  due  to  a  heavy  atom 
effect,  which  increases  intersystem  crossing. 

To  demonstrate  this  effect,  phosphorescence  measurements  were 
made  at  77°  K  showing  an  increase  in  the  phosphorescence/ 
fluorescence  ratio  in  the  presence  of  Ag  .   The  lifetimes  of 
phosphorescence  were  increased  by  metal  ions,  again  consistent 
with  an  increased  intersystem  crossing  rate. 

3.  Protein  conformation  was  studied  by  stopped  flow  methods. 
The  refolding  and  unfolding  of  bovine  serum  alburmin  was 
studied  at  different  temperatures  by  following  the  changes 

in  tryptophan  quantum  yield  as  the  protein  undergoes  confor-r 
mational  changes  due  to  changes  in  pH.   It  was  found  that  the 
refolding  as  the  pH  is  jumped  from  2.5  to  6  was  biphasic.   Also, 
it  was  found  that  the  tyrosyl  fluorescence  changes  were  much 
faster,  and  probably  sensitive  only  to  pH  rather  than  to 
conformation.   Thus  it  was  shown  that  tryptophan  rather  than 
tyrosine  fluorescence  is  the  parameter  to  follow  if  one  is 
interested  in  shape  changes. 

Significance  to  biomedical  research  and  the  program  of  the 
institute: 

These  studies  show  the  utility  of  stopped-flow  fluorescence 
methods  using  a  commercially  available  spectrofluorometer. 
Relatively  few  studies  have  been  published  using  stopped-flow 
fluorescence  in  conjunction  with  monochromators .   The  kinetic 
studies  are  among  the  first  to  apply  these  techniques  to  the 
question  of  the  rate  of  folding  of  polypeptide  chains. 

The  metal  ion  studies  show  that  protein  luminescence  can  be  a 
measure  of  metal  ion-protein  interactions,  which  in  turn  are 
important  because  they  occur  naturally  or  are  used  to  study 
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protein  binding  capacity.   Accessibility  of  -SH  groups  to  metal 
ions,  total  -SH  group  content,  and  distance  between  -SH  groups 
and  tryptophan  residues  are  some  of  the  parameters  which  can 
be  probed  by  metal  ion  interactions. 

These  studies  show  once  again  the  general  utility  of  an  optical 
method  such  as  fluorescence  for  the  study  of  protein  structure. 
The  method  is  rapid  enough  that  kinetic  studies  can  be  done. 

The  studies  are  especially  significant,  since  the  original 
work  on  development  of  the  spectrophotofluorometer  was  done 
in  this  institute,  and  are  a  continuation  of  that  work. 

Proposed  Course:   Phosphorescence  studies  will  be  continued 
to  complement  the  metal-protein  interaction  studies.   As 
capability  for  time-resolved  fluorescence  spectra  is  developed 
with  our  single-photon  system  (ORTEC  9200)  we  will  be  able  to 
examine  protein-dye  interactions  in  the  nanosecond  time  scale. 
Many  interesting  systems  could  be  investigated  including  the 
polarization  of  dyes  attached  to  proteins,  interactions 
between  proteins,  or  between  dyes  and  nucleic  acids.   The 
protein,  staphylococcal  nuclease,  represents  an  ideal  system 
to  study  the  applications  of  these  methods  to  an  important 
biological  system. 

Honors  and  Awards:   None 

Publications: 

1.  Chen,  R.  F. :  Quenching  of  the  Fluorescence  of  Proteins  by 
Silver  Nitrate,  Arch.  Biochem.  Biophys.  158;  605-622,  1973. 

2.  Light,  A.,  Taniuchi ,  H. ,  and  Chen,  R.  F. :  A  Kinetic  Study 
of  the  Complementation  of  Fragments  of  Staphylococcal 
Nuclease,  J.  Biol.  Chem.  249:  2285-2293,  1974. 

3.  Chen,  R.  F. :  Extrinsic  and  Intrinsic  Fluorescence  of 
Proteins  in  Practical  Fluorescence:  Theory,  Methods,  and 
Techniques,  by  G.  G.  Guilbault,  Marcel  Dekker,  N.Y. , 

pp.  467-541,  1973. 

4.  Chen,  R.  F. :  Fluorescence  Stopped-Flow  Study  of  Relaxation 
Processes  in  the  Binding  of  Bilirubin  to  Serum  Albumins , 
Arch.  Biochem.  Biophys.  160:  106-112,  1974. 
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Serial  No.  NHLI-  79 


1.   Laboratory  of  Technical  Development 
3.   Bethesda,  Maryland  20014 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  Una  30,  1974 

Project  Title:   Fluorescent  Complexes  of  Proteins 

Previous  Serial  Number:   NHLI-117 

Principal  Investigator:   Raymond  F.  Chen 

Other  Investigators:   None 

Project  Description 

Objectives:   Because  fluorescence  spectroscopy  is  widely  used 
to  study  protein  structure  and  interactions,  the  study  of 
fluorescent  ligands  attached  to  proteins  becomes  important.   We 
are  interested  in  studying  such  complexes  to  1)  demonstrate 
the  properties  of  new  dyes,  2)  show  ways  in  which  protein 
structure  is  elucidated  by  the  use  of  fluorescent  conjugates. 

Methods  Employed:   Fluorescence  spectra,  quantum  yields,  life- 
times, and  polarization  were  measured  with  Aminco  Bowman 
spectrof luorometers ,  and  TRW  and  ORTEC  lifetime  apparatuses, 
using  techniques  previously  developed. 

Major  Findings:   Work  characterizing  bilirubin-albumin  complexes 
has  progressed.   Our  stopped- flow  measurements  on  the  complexation 
process  showed  that  one  could  demonstrate  3  stages  in  the  binding: 
1.   Fast  binding  of  bilirubin  to  albumin.   2.   Slower  change  in 
shape  of  bilirubin  shown  by  appearance  of  bilirubin  fluorescence 
*t  520  run.   3.   Slower  conformational  change  in  the  complex 
shown  by  protein  fluorescence  quenching.   The  findings  have 
Seen  written  up,  as  well  as  previous  work  on  the  binding,  and 
some  circular  dichroism  studies.   We  have  extended  the  work  by 
binding  bilirubin  to  conjugates  of  albumins  labeled  with 
fluorescent  dyes.   If  the  dye  is  f luorescamine ,  a  reagent 
reacting  avidly  with  amino  groups,  the  binding  constant  is  much 
xredise&d.   If  the  dye  is  an  anthryl  isocyanate ,  the  binding  is 
little  affected.   Such  studies  utilize  the  quenching  of  the  dye 
fluorescence  by  the  bound  bilirubin  through  the  mechanism  of 
energy  transfer. 

Fluorescamine  is  a  new  fluorogenic  reagent  introduced  by  a 
group  headed  by  Dr.  S.  undenfriend.   We  have  obtained  some  of 
the  reagent  and  studied  the  properties  of  some  protein  conjugates 
containing  the  dye.   Stopped- flow  studies  show  the  reaction  to 
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take  a  few  milliseconds,  compared  with  minutes  required  by 
other  reagents.   Fluorescence  lifetimes  of  the  conjugates 
ranged  from  6  to  9  nanoseconds ,  compared  with  about  4  nanoseconds 
for  fluorescamine  derivatives  of  simple  amines.   Polarization 
data  showed  one  could  get  relaxation  times  using  fluorescamine 
conjugates.   The  spectral  and  quantum  yield  properties  were 
all  measured  and  incorporated  into  a  paper. 

Dye  conjugates  of  the  enzyme  glutamic  dehydrogenase  have  been 
prepared.   Depending  on  the  dye  used,  various  properties  of 
the  enzyme  are  modified.  Thus   dansylation  seems  to  affect  one 
of  the  allosteric  sites ,  but  not  others ,  including  the  active 
site.   Other  dyes  inactivate  the  enzyme.   It  is  hoped  that  one 
can  place  a  fluorescent  dye  on  individual  sites  of  interest  on 
the  enzyme  and  thus  learn  about  the  hydrophobicity  and 
accessibility  of  that  site  from  the  dye's  fluorescence  parameters. 

Significance  to  Biomedical  Research  and  the  program  of  the 
institute: 

The  bilirubin  studies  are  important  clinically,  since  this  is  a 
ubiquitous  metabolite.   The  method  of  measuring  binding,  using 
fluorescence  quenching,  can  be  applied  to  albumins  in  various 
disease  states.   The  application  of  the  new  and  important 
fluorescent  reagent,  fluorescamine,  has  been  advanced  by  the 
measurements  of  the  dye's  fluorescent  properties. 

Proposed  Course: 

We  wish  to  apply  stopped-flow  fluorescence  to  more  systematically 
study  the  rate  of  reaction  of  fluorescamine  with  different 
proteins.   This  will  tell  us  about  the  degree  of  accessibility 
of  different  sites.   The  time  domain  appears  to  be  ideal  for 
stopped-flow  methods.   The  bilirubin-binding  studies  will  be 
written  up,  with  respect  to  the  binding  to  albumin-dye  conjugates. 
The  work  with  glutamic  dehydrogenase  will  be  carried  further, 
using   polarization  methods,  including  nanosecond  polarization 
with  the  ORTEC  single  photon  counting  system. 

Honors  and  Awards :   None 

Publications: 

1.  Chen,  R.  F. :  Fluorescence  Properties  of  Fluorescamine-Protein 
Conjugates,  Anal.  Letters  Ij    SS-ll ,    1974. 

2.  Chen,  R.  F. :  The  Fluorescence  of  Bilirubin-Albumin  Complexes, 
in  Fluorescence  Techniques  in  Cell  Biology,  edited  by  A.  A. 
Thaer  and  M.  Sernetz ,  Springer-Verlag ,  Heidelberg,  pp. 
273-282,  1973. 

2  9^r¥ 


Serial  No.   NHLI-80 

1.   Laboratory  of  Technical  Development 
3.   Bethesda,  Maryland  20014 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Countercurrent  Chromatography:  Liquid-Liquid 
Chromatography  without  Solid  Support  (Part  I) 

Previous  Serial  Number:  NHLI-120 

Principal  Investigator:   Yoichiro  Ito 

Other  Investigators:   Robert  L.  Bowman 

Cooperating  Units:   None 

Project  Description: 

Objectives:   Development  of  an  angle  rotor  for  countercurrent 
chromatography.   Previously  we  have  reported  two  types  of 
centrifugal  countercurrent  chromatographic  systems,  the  flow 
through  coil  planet  centrifuge  with  a  vertical  rotor  and  the 
elution  centrifuge  with  a  horizontal  rotor.   Experiments  have 
shown  that  the  horizontal  rotor  favors  the  retention  of  the 
stationary  phase  while  the  vertical  rotor  provides  more  efficient 
phase  mixing  but  fails  to  retain  polymer  phase  systems.   There 
may  exist  an  optimal  rotor  angle  which  permits  universal 
application  of  the  solvent  systems  with  a  high  partition 
efficiency. 

Methods  Employed  and  Major  Findings: 

1.   Forty-five  degree  angle  rotor:   The  first  rotor  was 
made  at  a  fixed  angle  of  45°.   The  apparatus  was  constructed  by 
modifying  a  conventional  refrigerated  centrifuge  (MSE  Model  LR-6). 
The  angle  rotor  was  designed  as  follows:   A  cylindrical  hollow 
column  holder  was  supported  by  a  pair  of  aluminum  blocks , 
equipped  with  bearings  V7hich  is  then  sandwiched  by  a  pair  of 
aluminum  side  plates  to  support  the  column  holder  at  45°. 
Counterrotation  of  the  holder  was  established  by  coupling  a 
pair  of  toothed  pulleys  of  equal  diameter,  one  fixed  at  the 
middle  portion  of  the  holder  and  tne  other  on  the  motor  housing 
at  the  center  of  the  centrifuge  drive.   A  pair  of  idle  pulleys 
mounted  at  the  bottom  plate  of  the  rotor  serves  for  changing 
the  direction  of  the  running  belt  at  45°.   The  dammy  side  of 
the  rotor  was  made  similarly  to  facilitate  accurate  counter- 
balancing. 
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The  performance  of  the  45°  rotor  revealed  several  items  to  be 
improved.   At  a  high  revolutional  speed  (1500  rpm)  the  bearings 
suffered  from  loss  of  the  lubricant  through  the  seal  resulting 
in  overheating  and  wearing  out  of  the  bearings.   Temperature 
inside  the  column  holder  also  rose  considerably  higher  than  the 
regulated  ambient  temperature  due  to  heat  conduction  through 
the  holder  wall.   After  a  few  weeks,  the  column  holder  began 
to  rotate  against  the  inner  race  of  the  bearing  resulting  in 
wearing  out  the  holder  wall  at  the  bearing  sites.   Efforts  have 
been  made  to  eliminate  these  problems  in  the  design  of  the 
second  prototype  described  below. 

2.   Adjustable  angle  rotor:   Since  the  45°  angle  rotor 
described  above  permitted  a  sufficient  retention  of  the  polymer 
phase  systems ,  the  critical  angle  for  phase  retention  must  be 
present  between  0°  and  45°  from  the  vertical.   Further  investi- 
gation has  been  carried  out  to  determine  the  angle  which  will 
provide  both  efficient  mixing  and  sufficient  phase  retention  for 
low  interfacial  tension  phase  systems.   Mr.  Chapman  in  our 
machine  shop  has  designed  and  constructed  an  angle  rotor  which 
provides  30°,  20°,  and  10°  from  the  vertical  by  simple  adjustment. 
The  bearing  blocks  holding  the  column  holder  were  sandwiched 
between  a  pair  of  rectangular  aluminum  plates  each  equipped 
with  a  pin  at  the  middle  which  fits  into  the  pin  hole  made  in 
the  side  plate  so  that  the  column  holder  blocks  can  be  rotated 
without  disturbing  the  bearing  alignment  and  then  bolted  to 
the  side  plates  at  the  desired  angle  position.   The  positions 
of  the  pulley  on  the  holder  and  the  idle  pulleys  are  also 
adjusted  for  each  angle  to  provide  adequate  tension  to  the 
running  belt.   The  rest  of  the  design  details  were  similar  to 
that  of  the  45°  angle  rotor  except  for  the  following.   Properly 
sealed  bearings  were  used  to  minimize  loss  of  lubricant  during 
the  run.   Between  the  holder  and  the  inner  race  of  each  bearing, 
a  piece  of  bakelite  pipe  was  tightly  placed  to  prevent  heat 
conduction  and  the  rotation  of  the  holder  against  the  bearing. 
In  order  to  cool  the  column,  several  side  holes  were  made  at 
the  top  (with  fins)  and  the  bottom  of  the  holder  to  allow  air 
flow  inside  the  holder  during  run. 

The  performance  of  the  apparatus  has  been  evaluated  at  1200  rmp 
during  four  months  of  operation.   Leakage  of  lubricant  from  the 
bearing  seal  was  much  reduced  and  weekly  lubrication  seems 
satisfactory.   The  colximn  temperature  became  close  to  the 
ambient  temperature,  the  maximum  rise  being  no  more  than  a  few 
degrees  in  centrigrade  after  several  hours  of  operation. 
Overall  results  indicate  that  the  present  design  of  the  rotor 
gives  a  sufficiently  long  bearing  life  and  can  well  be  a 
commercial  version  after  some  refinement  on  minor  items. 
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3.   Determination  of  the  optimal  rotor  angle  for  counter- 
current  chromatography:   Two  types  of  column  configurations  were 
used,  straight  helix  and  coiled  helix  as  described  in  the 
previous  report  (Part  II,  1973).   Two  sizes  of  the  Teflon 
tubing,  0.55  mm  and  0.30  mm  i.d.  were  tested  for  each  column 
configuration . 

The  polymer  phase  systems  composed  of  4%  polyethylene  glycol 
(PEG)  6000,  5%  dextran  T  500,  and  phosphate  buffers  were  mainly 
used,  but  two  other  phase  systems,  sec-BuOH/aqueous  dichloro- 
acetic  acid  and . n-BuOH/NaCl  solution  containing  1%  cetyl- 
pyridinium  chloride  (CPCl) ,  were  also  chosen  for  study  because 
of  their  specific  physical  properties.   Sec-BuOH  system  has 
a  low  interfacial  tension  but  can  be  retained  by  a  coiled  helix 
column  configuration  at  60"  with  the  vertical  rotor.   The 
n-BuOH/aqueous  0.01  M  NaCl,  1%  CPCl  system  shows  a  high  tendency 
of  emulsification  and  complete  phase  separation  requires  a 
few  hours  in  a  separatory  funnel.   The  polymer  phase  systems 
have  an  extremely  low  interfacial  tension,  high  viscosity, 
and  small  density  difference  between  the  phases.   Because  of 
these  properties  the  vertical  rotor  failed  to  retain  the 
latter  two  phase  systems  even  with  60°  coiled  helix  column 
configuration . 

In  each  experiment,  the  column  was  filled  with  the  stationary 
phase  and  the  mobile  phase  was  introduced  at  various  flow 
rate  while  the  apparatus  was  spun  at  a  constant  speed  until 
the  mobile  phase  was  eluted  through  the  column.   The  percentage 
of  the  stationary  phase  volume  retained  within  the  column  was 
calculated  from  the  eluted  stationary  phase  volume  and  the 
capacity  of  the  column  and  the  dead  space  calibrated  beforehand. 

Phase  retention  for  each  phase  system  was  examined  at  various 
rotor  angles  of  10°,  20°,  30°,  and  45°  at  1200  to  1500  rpm  at 
maximum  flow  rates  of  2.5  ml/hr  for  0.55  mm  i.d.  column  and 
1.0  ml/hr  for  0.30  mm  i.d.  column.   At  10°,  all  phase  systems 
showed  poor  phase  retention  (below  30%).   At  20°,  sec-BuOH 
system  gave  a  sufficient  retention  while  other  two  phase  systems 
exhibited  intensive  carry-over  and  poor  phase  retention.   At  30° 
and  45°,  however,  all  phase  systems  gave  a  sufficient  phase 
retention  ranging  from  30  to  50%  in  both  column  configurations. 
The  straight  helix  column  was  found  to  retain  a  larger  amount 
of  the  stationary  phase  at  a  given  flow  rate  and  rpm,  while 
the  coiled  helix  column  yielded  a  nigher  resolution  demonstrated 
by  partition  of  beef  insulin  on  sec-BuCffl/aqueous  dichloroacetic 
acid  system. 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute:   A  compact  design  of  the  angle  rotor  developed  for 
countercurrent  chromatography  has  a  sufficiently  long  bearing 
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life  and  is  adaptable  to  a  conventional  refrigerated  centrifuge 
by  minor  modification.   It  permits  universal  application  of 
solvent  systems  widely  used  for  separation  and  purification 
of  biological  samples. 

Proposed  Course:   Efforts  will  be  made  to  complete  a  commercial 
version  of  countercurrent  chromatograph  which  will  be  useful 
in  separation  and  purification  of  biological  materials. 

Honors  and  Awards :   None 

Publications:   None     i 
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Objectives:   Application  of  the  angle  rotor  to  countercurrent 
chromatography : 

1.  Partition  studies  of  human  erythrocytes  on  polymer  phase 
systems . 

2.  Partition  of  mucopolysaccharides  on  n-BuOH/ aqueous  NaCl 
containing  cetylpyridinixim  chloride. 

1.   Studies  on  partition  behavior  of  human  erythrocytes  on  the 
polymer  phase  systems:   As  reported  by  other  workers,  polymer 
phase  systems partition  cells  at  the  interface  and  in  the  upper 
phase  while  most  of  the  solutes  are  partitioned  rather  evenly 
between  the  upper  and  lower  phases.   It  is  of  great  interest 
to  study  the  behavior  of  the  cells  partitioned  at  the  interface 
in  our  countercurrent  chromatographic  system. 

Two  polymer  phase  systems  were  prepared.   The  first  phase  system 
called  A  was  composed  of  4%  PEG  6000,  5%  dextran  T  500,  and  0.11 
M  sodium  phosphate  (pH  7)  which  partitions  the  human  red  cells 
mostly  in  the  upper  phase.   The  second  phase  system  called  B 
was  composed  of  4%  PEG  6000,  5%  dextran  T  500,  and  0.13  M  NaCl, 
0.01  M  sodium  phosphate  (pH  7)  which  partitions  the  cells 
mostly  at  the  interface.   The  straight  helix  column,  0.55  mm  i.d. 
adn  8  m  long,  was  mainly  used  in  this  study. 

In  each  experiment,  the  column  was  filled  with  the  lower  phase 
followed  by  introduction  of  0.1  ml  normal  human  whole  blood 
containing  EDTA.   Then  the  column  was  eluted  with  a  mixtur^^  of 
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an  equal  amount  of  the  upper  and  the  lower  phases  while  the 
apparatus  was  spun  at  1200  rpm.   The  eluted  fractions  were 
hemolyzed  by  adding  distilled  water  and  the  absorbance  was 
determined  at  540  nm  by  Beckman  spectrophotometer. 

With  the  rotor  angle  of  20°  or  greater,  the  red  cells  retained 
within  the  column  long  after  the  plasma  was  eluted  out.   At  10° 
angle,  however,  the  cells  were  eluted  much  earlier  than  the 
plasma.   When  methylene  blue  (partition  coefficient  is  nearly  1) 
was  added  to  the  blood  sample,  the  red  cells  were  completely 
separated  from  methylene  blue.   On  the  other  hand,  difference  in 
retention  volume  of  the  red  cells  between  the  phase  systems  A 
and  B  were  not  significant. 

These  results  suggest  that  due  to  the  difference  in  viscosity  and 
wall  affinity,  the  upper  phase  flows  through  the  column  much 
faster  than  the  lower  phase.   At  10°  rotor  angle,  where  the 
centrifugal  force  component  acting  parallel  to  the  column  axis 
is  trivial ,  the  cells  either  suspended  in  the  upper  phase  or 
present  at  the  interface  move  with  the  upper  phase  while  the 
solutes  are  partitioned  rather  evenly  between  the  two  phases 
and  retarded.   As  the  rotor  angle  increases,  the  centrifugal 
force  component  becomes  greater  to  sediment  the  cells  into 
the  lower  phase  and  finally  onto  the  column  surface.   If  this 
is  the  case,  it  is  interesting  to  modify  the  phase  system  so  that 
the  cells  can  be  partitioned  between  the  interface  and  the  lower 
phase. 

2 .   Partition  of  mucopolysaccarides :   It  has  been  shown  by 
Dr.  R.  E.  Hurst  that  the  partition  coefficients  of  mucopolysaccha- 
rides are  extremely  sensitive  to  Na+  concentration  in  a  phase 
system  composed  of  n-BuOH  and  aqueous  cetylpyridinium  chloride 
(CPCl) .   Therefore,  it  may  be  possible  to  separate  these 
macromolecules  by  applying  a  NaCl  gradient  elution  in  our 
countercurrent  chromatographic  system. 

Two  phase  systems  were  prepared.   The  starting  medium  was  composed 
of  1%  CPCl  in  n-BuOH/0.03  M  NaCl  which  partitions  heparin  and 
heparan  sulfate  in  the  stationary  upper  phase.   The  ending 
medium  was  composed  of  1%  CPCl  in  n-BuOH/0.07  M  or  0.08  M  NaCl 
which  partitions  both  Scimples  in  the  mobile  lower  phase.   Both 
straight  helix  and  coiled  helix  columns  were  used  with  the  30° 
angle  rotor  throughout  in  this  study.   The  column  was  first 
filled  with  the  upper  phase  of  the  starting  medium  and  0.1  ml 
sample  solution,  containing  each  component  at  about  0.5  mg/ml, 
was  introduced  through  the  feed  tube.   After  a  desired  revolution- 
al  speed  was  established,  the  column  was  eluted  with  either  linear 
or  exponetial  gradient  of  the  lower  phase  between  the  starting 
and  the  ending  media.   The  fractions  were  analyzed  by  Beckmann 
at  530  nm  after  the  treatment  with  H2SO4  borate  and  carbazole. 
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The  results  of  the  experiments  revealed  two  major  peaks  at  the 
locations  predicted  by  the  partition  coefficients  of  the  samples. 
However,  a  significant  amount  of  the  sample  was  retained  in  the 
return  tube  and/or  occasionally  eluted  out  in  the  unexpected 
locations,  the  latter  being  associated  with  dark  colored  pre- 
cipites  of  unknown  origin.   Efforts  have  been  made  to  investigate 
the  cause  of  these  events.   A  number  of  possibilities  have  been 
considered  and  examined.   A  conclusion  has  so  far  been  drawn  that 
dust  present  in  or  introduced  into  the  column  adsorb  both  CPCl 
and  the  samples  especially  under  a  relatively  cold  temperature. 
This  phenomenon  may  be  intensified  at  a  critical  NaCl  concen- 
tration where  the  solubility  of  the  samples  becomes  minimized. 
The  use  of  a  thoroughly  washed  column,  avoiding  the  use  of 
silicone  perplex  pump  and  the  regulation  of  temperature  at  27 °C 
or  higher  completely  eliminate  the  above  events. 

Using  a  coiled  helix  column  made  of  35  m  long  and  0.38  mm  i.d. 
Teflon  tubing,  heparin  and  heparan  sulfate  are  completely 
separated  with  the  reproducible  peak  shapes .   The  heparan 
sulfate  peak  was  associated  with  a  minor  peak  while  the  heparin 
peak  was  composed  of  several  peaks  and  shoulders,  which  may  be 
separated  out  by  applying  a  shallower  gradient. 

Scignificance  to  Biomedical  Research  and  the  Program  of  the 
Institute:   The  results  of  experiments  indicate  that  the  angle 
rotor  is  useful  for  partition  of  macromolecules  and  cell 
particles  on  phase  systems  which  are  hardly  applied  to  the 
conventional  liquid  chromatography.   Also,  the  present  system 
demonstrates  a  minute  amount  of  the  sample  lost  by  adsorption  or 
precipitation  which  may  not  be  detected  by  the  conventional 
methods. 

Proposed  Course: 

The  future  plan  may  be: 

1.  Further  investigation  on  partition  of  cells  and  cell 
organells  on  polymer  phase  systems. 

2.  Separation  of  mucopolysaccharides. 

3.  Separation  of  other  macromolecules  of  biomedical  interest. 
Honors  and  Awards:   None 

Publications:   None 
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Objectives: 

1.  Gas  exchange  devices  presently  used  in  cardiovascular 
surgery  cannot  safely  be  used  beyond  4-6  hours.   We  are  demon- 
strating the  superiority  of  the  membrane  lung  system  in  long 
term  perfusions  of  many  days  duration. 

2.  Membrane  pinholes  and  leaks  have  been  the  major  bottle- 
neck to  earlier  introduction  of  the  membrane  lung  to  clinical 
use.   The  problem  has  been  compounded  by  the  dilemma  that  thinner 
membranes  are  more  likely  to  be  defective  than  thicker  membranes. 
A  program  was  undertaken  to  define  the  mechanisms  of  pinhole 
formation,  and  to  develop  a  technique  to  overcome  this  problem. 

3.  Good  blood  compatibility  of  synthetic  polymers  is  of 
great  importance  to  the  field  of  artificial  internal  organs,  such 
as  the  prosthetic  heart,  heart  valves,  the  artificial  kidney, 
and  the  artificial  lung.   The  various  factors  that  contribute  to 
blood  compatibility  remain  unclear.   Impurities  and  additives  to 
polymers  have  been  implicated  as  contributing  to  thromboresistance, 
as  well  as  accelerating  thrombus  formation.   We  have  investigated 
membrane  lungs  made  of  pure  silicone  gum  without  additives  and 
determined  its  blood  compatibility  both  in  vivo  and  in  vitro. 

4 .  We  are  conducting  a  laboratory  study  to  establish  the 
relative  importance  of  perfusate  and  temperature  for  the  long 
term  hypothermic  preservation  of  the  ex  vivo  sheep  heart.   These 
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studies  arise  from  the  knowledge  that  there  are  limitations  in 
present  day  state  of  the  art  to  preserve  hearts  beyond  24  hours 
without  functional  impairment  on  reimplantation. 

Methods  employed  and  major  findings: 

1.   The  membrane  lung 

The  use  of  new  membranes  made  in  this  laboratory  has  provided 
us  a  new  dimension  to  tailor  make  membranes  for  specific 
performance,  such  as  desired  perfusion  pressure,  ratio  of  oxygen 
to  carbon  dioxide  transfer,  and  within  limits,  the  absolute 
carbon  dioxide  and  oxygen  gas  transfer.   At  present,  the 
absolute  oxygen  and  carbon  dioxide  transfer  in  the  spiral 
membrane  lung  at  rated  standard  conditions  is  80  cc/m2/min.  and 
up  to  100  cc/m2/min  under  optimal  conditions.   The  spiral 
membrane  lung  thus  remains  2-3  times  as  efficient  as  other 
stationary  membrane  lungs  now  in  clinical  use.   Because  of  low 
resistance  to  blood  flow,  the  spiral  membrane  lung  is  now  also 
suitable  for  gravity  perfusion. 

A.  Clinical  applications 

This  laboratory  has  continued  to  be  consulted  about  patients 
in  acute  respiratory  failure  both  at  the  Clinical  Center,  as  well 
as  within  the  local  medical  community.   Of  the  5-6  cases  called 
on  during  the  past  year,  all  except  one  case  were  ultimately 
managed  employing  conventional  intensive  respiratory  care. 
One  patient  was  eventually  placed  on  the  membrane  lung  when 
control  of  gas  exchange  became  impossible.   This  patient  was 
perfused  uneventfully  for  2  days  with  the  membrane  lung  providing 
almost  total  respiratory  gas  exchange.   She  succumbed  to  a 
preexisting  septicemia  unresponsive  to  antibiotics.   Technically, 
membrane  lung  bypass  was  flawless. 

We  feel  that  a  great  number  of  patients  who  ultimately 
require  treatment  with  the  membrane  lung  blood  gas  exchange 
represent  complications  of  intensive  ventilatory  care.   A  safe 
membrane  lung  system,  judiciously  applied,  would  offer  an 
important  tool  in  this  patient  population. 

B.  Animal  research 

The  performance  of  membrane  lungs  made  of  silicone  rubber 
membranes  coated  with  pure  silicone  rubber  (without  additives  or 
fillers)  was  tested  in  vivo  in  lambs. 

a.   Arteriovenous  shunt  of  blood  across  the  membrane  lung 
without  use  of  a  blood  pump. 

In  this  study,  the  common  carotid  artery  and  external  jugular 
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vein  were  cannulated  and  connected  through  silicone  rubber 
tubing  across  the  test  membrane  lung.   We  compared  one  group  of 
membrane  lungs  made  of  conventional  silicone  rubber  membrane, 
against  a  membrane  lung  made  of  a  membrane  with  blood  contacting 
surface  coated  with  pure  silicone  rubber  without  fillers  or 
additives  (i.e.  test  membrane) .   Heparin  was  administrated  at 
the  time  of  cannulation,  but  none  was  given  the  moment  the 
arteriovenous  shunt  was  opened.   We  measured  changes  in  resistance 
to  blood  flow  across  the  membrane  lung,  and  changes  in  blood 
platelet  counts. 

In  the  membrane  lung  with  the  conventional  silicone  rubber 
membrane  there  was  a  prompt  rise  in  resistance  to  blood  flow, 
leading  at  times  to  complete  clotting  in  the  membrane  lung  with 
cessation  of  all  blood  flow.   Blood  platelet  counts  fell  markedly 
at  the  time  resistance  to  blood  flow  rose. 

In  the  membrane  lung  with  the  silicone  rubber  sufaces  free 
of  silica  fillers  or  processing  aids  (i.e.  the  test  membrane) , 
there  was  no  change  in  resistance  to  blood  flow,  and  all 
platelet  counts  remained  at  control  levels  for  the  duration  of 
the  study. 

b.   Venovenous  blood  pumping  with  membrane  lung  blood  gas 
exchange . 

Membrane  lungs  made  of  commercial  silicone  rubber  coated 
with  pure  silicone  gum  rubber  containing  no  silica  filler  or 
processing  aides  were  evaluated  for  longterm  use  by  venovenous 
pumping  with  membrane  lung  gas  exchange ,  using  our  standard 
sheep  model.   In  addition  to  the  membrane  lung,  all  blood  tubing 
were  similarly  coated  with  filler  free  silicone  rubber.   Oar 
findings  are  as  follows: 

1.  Membrane  lung  bypass  can  safely  be  initiated  at  much 
lower  heparin  levels  than  heretofore  possible,  as  low  as  0.5  mg/ 
kg/hr. 

2.  We  have  not  seen  in  these  studies  any  perfusion  anemia. 
Instead,  we  have  observed  steady  blood  hematocrit,  and  in 
studies  beyond  a  week,  a  rising  blood  hematocrit.   These 
findings  have  been  obtained  in  spite  of  frequent  daily  blood 
sampling  which  would  tend  to  lower  hematocrit. 

3.  Membrane  lung  efficiency  in  long  term  studies  has  not 
deteriorated  with  adequate  heparinization.   This  is  a  new  finding 
not  seen  with  any  other  membrane  before.   We  customarily  use  an 
oxygen  concentration  of  30-50%  to  achieve  full  oxygenation 

of  blood,  instead  of  100%  oxygen  customarily  used. 
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4.   Blood  platelet  counts  have  been  considerably  higher  in 
this  series,  compared  to  our  earlier  experiences  with  other 
membranes.   At  very  low  heparin  levels,  platelet  count  falls. 
This  fall  is  promptly  reversed  when  heparin  levels  are  again 
raised. 

We  feel  that  removal  of  silica  filler  material  and  processing 
aides  was  beneficial  to  improve  blood  compatibility.   Our  results 
show  that  our  technical  capability  of  producing  pinhole  free 
silicone  rubber  membranes  has  allowed  us  to  use  a  material 
generally  considered  unsuitable  for  commercial  use  (pure  silicone 
rubber  gum)  to  prepare  a  blood  contacting  surface  with  improved 
blood  compatibility.   Because  all  membrane  lungs  now  utilize 
silicone  rubber,  or  a  copolymer  of  silicone  rubber,  this  finding 
becomes  applicable  to  all  membrane  lung  devices  now  in  use.   Our 
findings  represent  the  first  practical  improvement  in  silicone 
rubber  membrane  technology  for  use  in  the  membrane  lung. 

C.   Membrane  lung  priming 

We  have  found  it  critical  to  remove  all  gas  from  membrane 
lung  to  adequately  prime  it. 

Conventionally,  priming  fluid  enters  membrane  lung  by 
gravity,  hopefully  displacing  all  air.   More  refined  systems 
displace  all  air  with  carbon  dioxide,  and  then  recirculate 
prime  with  a  pump.   None  of  the  techniques  is  foolproof,  and 
the  second  approach  requires  mechanical  recirculation  of  prime. 

In  our  system,  all  air  is  displaced  by  carbon  dioxide. 
Priming  is  under  a  slight  hydrostatic  pressure.   The  gas 
compartment,  however,  is  maintained  at  subatmospheric  pressure, 
which  allows  all  carbon  dioxide  from  the  "blood"  compartment 
to  diffuse  through  the  membrane,  and  out  of  the  membrane  lung. 

The  advantage  of  this  method  is  that  a  membrane  lung  can 
be  preprimed  ahead  of  time.   This  becomes  critical  especially 
if  a  membrane  lung  must  be  changed  in  the  middle  of  a  long  term 
perfusion.   Most  critical  of  all,  there  is  no  air-blood  inter- 
face that  can  contribute  to  blood  protein  denaturation,  elimin- 
ating the  usual  rise  in  perfusion  pressure  seen  early  during  the 
course  of  a  bypass. 

2.   Hypothrombogenic  Surfaces 

This  study  is  concerned  with  the  many  factors  in  silicone 
rubber  which  make  it  reasonable  blood  compatible. 

Our  animal  study  with  membrane  lung  using  jpure   siiicon3 
mbber  without  silica  fillers  or  processing  aides  was  disoi  .■_  :  "d 
above . 
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Clotting  tests  have  been  conducted  with  silicone 
rubber  tubing,  which  had  been  extracted  with  various  polar  and 
nonpolar  solvents,  coated  with  pure  silicone  rubber  gum,  and 
crosslinked  by  ionizing  radiation  in  an  inert  atmosphere. 
These  studies  suggest  that  leaching  of  low  molecular  weight 
polydimethylsiloxane  from  the  silicone  rubber  may  increase 
thrombogenicity.   Stated  otherwise,  a  "purer"  silicone  rubber 
can  show  inferior  blood  compatibility.   Needless  to  say,  we 
believe  that  silica  filler  is  now  proven  to  be  highly  thrombogenic. 

Studies  are  underway  to  identify  what  fractions  are  important 
to  retain,  and  improve  the  generally  excellent  blood  compati- 
bility of  pure  silicone  rubber. 

3.   Ex  vivo  organ  preservation  by  hypothermic  perfusion 

Dog  and  sheep  hearts  perfused  with  a  synthetic  medium  at 
5-10 °C  after  24  hours  of  perfusion  uniformly  become  edematous, 
with  a  continuous  rise  of  their  vascular  resistances.   These  hearts 
during  preservation  remain  flaccid  without  evidence  of  electrical 
or  mechanical  activity. 

We  have  since  shown  that  sheep  hearts  continuously  perfused 
at  10 °C  with  fresh  donor  blood  can  maintain  electrical  and 
mechanical  activity ,  there  was  no  edema ,  and  upon  rewarming  had 
good  ventricular  function. 

The  purpose  of  this  study  was  to  investigate  some  factors 
which  allowed  the  heart  to  maintain  its  function  at  10 "C,  and 
which  was  protective  from  interstitial  edema.   We  investigated 
the  effects  of:  1.   synthetic  medium  dialyzed  against  support 
animal's  blood;  2.   effect  of  diluted  blood,  and  3.   effect 
of  varying  flow  of  fresh  blood. 

1.  Synthetic  medium  (Krebs')  dialyzed  continuously  against 
fresh  donor  animal's  blood  for  24  hours. 

These  studies  were  performed  on  13  hearts  at  temperatures 
varying  from  5-11 °C.   The  lower  temperatures  were  associated 
with  considerable  edema  (up  to  80%) ,  and  generally  poor  mechanical 
function  on  rewarming.   Edema  was  considerably  less  when  perfused 
at  11°C  (26%)  and  2/6  hearts  were  efficient  on  rewarming.   None 
of  this  series  of  hearts  evidenced  electrical  or  mechanical 
activity  during  the  hypothermic  preservation. 

2.  Effect  of  diluted  blood 

Fredi  blood  at  2  cc/min  was  continuously  diluted  with  2  cc 
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of  Krebs '  media,  and  added  new  to  the  perfusion  media  pool 
(lO'C) .   The  hearts  (4)  showed  electrical  and  mechanical 
activity  lasting  for  a  brief  time  only,  went  into  ventricular 
fibrillation,  and  developed  a  high  vascular  resistance.   They 
could  not  be  defibrillated  on  rewarming. 

3.   Effect  of  varying  blood  flow  rate 

When  fresh  whole  blood  at  10 °C  was  perfused  through  sheep 
hearts  (2)  at  2  cc/min,  the  results  were  the  same  as  under  (2) , 
i.e.  poor.   When  fresh  blood  at  15  cc/min  was  perfused  through 
sheep  hearts  (ICC)  ,  electrical  and  mechanical  activity  was 
greatly  improved  but  still  the  hearts  (4/4/)  were  edematous  and 
showed  poor  ventricular  function  on  rewarming. 

When  hearts  were  first  perfused  (6)  at  BT'C  for  2  hours,  and 
then  progressively  cooled  to  10 °C  while  perfused  at  15  cc/min, 
the  electrical  activity  and  mechanical  activity  (except 
temporarily  at  about  16 °C)  remained  good  during  the  entire  time 
of  hypothermic  perfusion.   Cessation  of  fresh  blood  (the  hearts 
were  still  perfused  by  blood  from  the  common  pool)  would  within 
20  minutes  cause  a  marked  slowing  in  electrical  activity  and  a 
great  depression  in  ventricular  contractions;  restoration  of 
fresh  blood  flow  to  the  pool  will  promptly  restore  forceful 
cardiac  contractions. 

On  rewarming,  all  6/6  hearts  were  functionally  efficient, 
with  +  5%  change  in  weight. 

Our  studies  suggest  that  fresh  blood  at  a  flow  rate  of  at 
least  15  cc/min  is  an  excellent  perfusion  medium  at  10 "C  for  at 
least  24  hours.   Blood  flow  less  than  this  appears  to  deplete, 

unidentified  factors  required  for  normal  preservation  at 
10 "C.   These  factors  appear  to  be  not  dialyzable,  according  to 
our  preliminary  studies. 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute. 

During  the  past  two  years  less  than  ten  patients  have  been 
saved  with  the  membrane  lung  from  acute  respiratory  failure 
unresponsive  to  conventional  treatment. 

The  complexity  of  long  term  miimbrane  lung  support  places 
unusual  requirements  on  blood  damage  and  membrane  lung  perforTtance. 
We  have  shown  that  silica  filler  free  silicone  rubber  membrane 
has  superior  blood  compatiblity  compared  to  commerically  us : i 
medical  grade  silicone  rubber  membrane  containing  silica 
fillers  and  processing  aides;  and  much  lower  red  blood  cell 
lethal  and  sublethal  damage,  and  much  improved  compatibility 
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to  blood  platelets.   These  improvements  may  in  fact  be  consider- 
able when  compared  to  the  cumulative  blood  injury  brought  on  by 
exposure  of  blood  in  a  membrane  lung  in  long  term  studies. 

Studies  on  improved  membranes  cind  surfaces  are  designed 
to  make  long  term  use  of  the  devices  much  safer,  and  more  efficent. 

Our  work  in  organ  preservation  is  designed  to  establish 
parameters  for  long  term  in  vitro  organ  preservation.   At  the 
same  time,  results  are  directly  applicable  to  organ  culture 
and  growth,  tumor  culture  and  growth,  immunochemistry ,  effect 
of  cytotoxic  agents  on  organ  growth,  the  artificial  placenta, 
and  many  more. 

Proposed  Course: 

1.  Studies  will  be  continued  and  intensified  testing 
various  polydimethylsiloxane  polymers  with  blood.   Similarly, 
a  study  will  be  conducted  to  assess  the  blood  compatibility  of 
some  polydimethylsiloxane  additives. 

The  merits  of  fluorinated  silicones  will  be  assessed  by 
casting  homopolymer,  and  composite  membranes  with  polydimethyl- 
siloxane. 

2.  A  program  will  be  initiated  to  develop  a  novel  type  of 
membrane  lung  suitable  for  long  term  implantation.   This  will 
include  the  preparation  of  new  types  of  membranes  and  new 
surfaces,  and  new  designs,  to  make  a  reliable,  compact  unit. 

No  further  work  on  the  basic  spiral  membrane  lung  design  is 
planned. 

3.  The  merit  of  using  a  membrane  lung  in  acute  respiratory 
care  will  be  assessed  by  performing  blood  carbon  dioxide 
exchange  alone,  to  the  exclusion  of  oxygen,  in  an  arteriovenous 
shunt  without  blood  pumping.   The  simplicity  of  this  procedure 
is  appealing  as  it  requires  low  blood  flows,  and  no  blood  pump. 
It  is  hoped  that  this  technique  will  lower  the  high  incidence 

of  bronchopleural  fistula  in  the  treatment  of  acute  respiratory 
failure  by  reducing  the  minute  ventilatory  volumes ,  and  peak 
inspiratory  pressures.   Similarly,  it  may  be  found  useful  in  the 
treatment  of  some  states  of  hypercapnea. 

4.  We  have  the  capability  of  producing  ultrathin  (5  microns) 
non-reinforced  silicone  rubber  membrane,  which  could  be  used  as 

a  human  burn  dressing.   A  pilot  laboratory  study  will  be 
initiated  to  explore  this  possibility. 
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Honors  and  Awards:   None 
Publications : 

1.  Kolobow,  T. ,  Stool,  E.,  Weathersby,  P.,  Pierce,  J., 
Hayano,  F.,  and  Suaudeau,  J.:  Superior  blood  compatibility 
of  silicone  rubber  free  of  silica  filler  in  the  membrane 
lung.  ASAIO,  1974,  in  press. 

2.  Weathersby,  P.  K. ,  Kolobow,  T.,  and  Stool,  E. : 
Polydimethylsiloxane:  A  Feasibility  Study  of  a  Thrombo- 
resistant  Biomaterial.   Technical  Note  TN  74-5,  Armed 
Forces  Radiobiology  Research  Institute,  Bethesda,  Md. 
June  1974. 
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1.   Laboratory  of  Technical  Development 
3.   Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Blood  Flow  Measurement  Using  Nuclear  Magijetic 
Resonance  Techniques 

Previous  Serial  Number:  NHLI-123 

Principal  Investigators:   Vsevold  Kudravcev,  Robert  L.  Bowman 

Other  Investigators:   Anthony  Sances,  Jr. 

Joseph  H.  Battocletti 

Cooperating  Units:   Medical  College  of  Wisconsin 

Milwaukee,  Wisconsin,  on  contract  to  LTD 

Project  Description: 

Objectives:   To  imporve  the  nuclear  magnetic  labelling  technique 
for  cerebral  and  digital  blood  flow  measurement. 

Progress:   The  work  is  divided  between  this  laboratory  and  a 
group,  under  contract  to  this  laboratory  at  the  Medical  College 
of  Wisconsin  directed  by  A.  Sances.   This  group  conducts  the 
biological  observations  using  magnetic  labelling  techniques. 
The  NMR  system  has  detected  blood  in  the  neck  bearing  the 
marker  projected  thru  the  skull  by  electromagnetic  fields  and 
changes  in  response  to  CO2  inhalation  indicate  that  cerebral 
rather  than  peripheral  contribution  is  being  measured.   A 
special  superregenerative  detector  and  methods  for  magnetic 
labelling  developed  in  this  laboratory  were  used. 

In  this  laboratory,  the  major  part  of  new  NMR  instrumentation 
development   was  completed,  and  several  magnetic  labelling 
detectors  were  investigated.   A  universal  blood  flowmeter  was 
constructed  using  microcircuit  electronics.   This  flowmeter  is 
capable  of  working  in  very  low  magnetic  fields  (as  low  as  20 
gauss) ,  as  well  as  in  fields  of  from  several  hundred  gauss  to 
10  kilogauss. 

It  was  found  that  the  ability  to  operate  in  these  various  field 
ranges  has  several  advantages  for  different  types  of  blood  flow 
measurements.   For  example,  measurement  of  shunt  and  capillary 
flow  in  the  finger  and  in  human  limbs  can  be  performed  success- 
fully using  a  low  magnetic  field,  at  which  magnetic  label  life 
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time  is  ordinarily  quite  limited,  due  to  the  low  value  of  Tj^ 
relaxation  time  of  the  blood  in  a  low  field.   The  advantage  of 
using  such  a  low  field  lies  in  the  absence  of  interference 
from  polarized  skin  protons;  a  disadvantage  of  this  technique 
involves  the  necessity  of  using  a  relatively  short  distance 
between  the  sensing  and  tagging  coils.   Since  the  distances  in 
the  finger  are  rather  small,  a  low  field  can  be  successfully 
used  for  this  kind  of  measurement. 

However,  for  cerebral  circulation  measurement,  magnetically 
polarized  protons  should  have  a  long  life  time  to  cover  the 
greater  distances  between  the  tagging  and  detector  coils.   It 
was  found  that  relaxation  time  of  blood  was  significantly 
larger  in  a  strong  field,  and  therefore  detectors  capable  of 
working  in  a  strong  field  were  more  suitable.   A  basic  disad- 
vantage in  using  a  strong  field  is  the  considerable  volume  of 
interference  from  arterial  wall  and  skin  protons.   To  minimize 
or  suppress  this  interference,  a  special  type  of  NMR  detector 
should  be  used.   Mainly  the  kind  of  NMR  detector  that  responds 
only  on  flowing  proton  magnetic  response. 

Our  laboratory  developed  two  such  detectors .   An  experimental 
version,  "suppressed  carrier  detectors",  was  described  in 
previous  reports.   During  the  past  year,  we  started  construction 
of  a  practical  model  of  this  type  of  detector.   Since  this 
detector  responds  only  to  flowing  NMR  magnetic  labels 
(depolarized  proton  bolus) ,  interfering  arterial  wall  and  skin 
protons  are  completely  eliminated.   We  plan  to  apply  this  type 
of  detector  to  human  volunteers  in  the  future. 

At  the  present  time,  we  are  using  a  superregenerative  detector 
which  partially  suppresses  NMR  interference  by  means  of  high 
level  RF  saturation  of  unmoving  protons. 

In  search  of  an  optimal  method  of  magnetic  label  detection,  the 
transitron  NMR  detector  was  investigated  during  the  last  few 
months.   However,  its  performance  was  found  to  be  unsatisfactory 
in  respect  to  sensitivity,  and  the  investigation  was  terminated. 

Besides  the  above  mentioned  detectors ,  we  are  working  on  an 
improved  version  of  the  so-called  time-sharing  NMR  detector  which 
uses  a  single  coil  NMR  label  sensor,  working  alternately  as 
both  excitor  and  receiver.   This  type  of  detector  should  provide 
a  good  signal-to-noise  ratio,  and  since  it  uses  a  single  coil, 
can  be  applied  to  cerebral  circulation  measurement.   The  use 
of  a  powerful  wide  band  RF  amplifier  is  necessary  to  produce 
this  type  of  detector.   A  suitable  amplifier  was  ordered  from 
RP  Powers  Labs.,  Inc.,  Washington,  California.   We  will  start 
the  evaluation  of  this  detector  in  the  near  future  in  coopera- 
tion with  the  Medical  College  of  Wisconsin. 
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Major  Findings:   In  cooperation  with  the  Medical  College  of 
Wisconsin,  it  was  found  that  the  blood  relaxation  time  (T-^) 
varies  with  magnetic  field  strength  from  .1  second  in  a  low 
field  (20  gauss)  to  more  than  1-1/2  seconds  in  a  high  field 
(10  kilogauss) .   In  connection  with  these  findings,  it  was 
necessary  to  change  some  parameters  of  our  instrumentation  for 
optimal  detectibility  of  magnetic  labelling  in  the  blood.   A 
number  of  technical  innovations  were  developed.   For  instance, 
application  of  a  triangular  wave  form  quenched  frequency  in 
the  super re generative  detector  to  suppress  parasitic  beats 
between  tag  and  side  band  detector  frequencies.   In  search  of  the 
best  labelling  (tagging)  method  different  wave  form  tag  fre- 
quencies were  traced. 

A  sensitive  superheterodyne  receiver  for  weak  NMR  signal 
reception  was  constructed.   Different  R.  F.  gating  circuit  was 
investigated  and  a  number  of  flow  sensing  probes  were  construct- 
ed to  find  a  more  suitable  NMR  probe  for  blood  flow  measurement, 
in  the  human  finger. 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute:   As  described  in  the  previous  report,  these  non- 
invasive techniques  will  provide  practical  application  in 
vascular  disease  diagnosis  and  therapy  evaluation. 

Proposed  Course:   Evaluation  of  new  instrumentation  performance; 
cooperation  with  the  Medical  College  of  Wisconsin  for  bio- 
medical application. 

Honors  and  Awards :   None 

Publications : 

1.  "NMR  Detection  of  Low  Magnetization  Levels  in  Flowing 
Fluids".   J.  H.  Battocletti,  A.  Sances,  Jr.,  S.  J.  Larson, 
R.  E.  Halbach,  R.  L.  Bowman,  V.  Kudravcev,  and  S.  M.  Evans, 
IEEE  Trans.  Mag.  9  (3):  451-4,  Sept.  1973. 

2.  "Nuclear  Magnetic  Resonance  T^  Relaxation  Times  of  Blood". 

J.  H.  Battocletti,  A.  Sances,  Jr.,  S.  J.  Larson,  R.  E.  Halbach, 
S.  M.  Evans,  R.  L.  Bowman,  V.  Kudravcev,  and  W.  K.  Genthe. 
Proc.  26th  Ann.  Conf.  Eng.  Med.  Biol.,  Minneapolis,  Minn., 
15:32.2,  1973. 

3.  "In-vitro  Study  of  the  NMR  Flowmeter  for  Pulsatile  Flow 

in  Straight,  Tapered,  and  Bifurcated  Tubes".   J.  H.  Linehan, 
J.  H.  Battocletti,  O.S.  Wang,  A.  Sances,  Jr.,  S.J.  Larson, 
R.  L.  Bowman,  V.  Kudravcev,  and  S.  M.  Evans.  Proc.  26th 
Ann.  Conf.  Eng.  Med.  Biol.,  Minneapolis,  Minn.,  15:  32.1,1973. 
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4.  "Organ  Blood  Flow  Measurement  Using  NMR" .   J.H.  Battocletti , 
J.H.  Linehan,  O.S.  Wang,  A.  Sances ,  Jr.,  S.J.  Larson,  S.  M. 
Evans,  H.  D.  Itskovitz,  R.  L.  Bovman,  and  V.  Kudravcev. 
Intermag.  Conf . ,  Toronto,  Canada,  May  1974.  (In  Press) 

5.  "Nuclear  Magnetic  Relaxation  in  Blood".   R.  A.  Brooks, 

J.H.  Battocletti,  A.  Sances,  Jr.,  S.J.  Larson,  R.  L.  Bowman, 
and  V.  Kudravcev.  (in  press)  IEEE  Trans.  Biomed.  Eng. 

6.  'A  Review  of  NMR  Techniques  Applied  to  Biological  Systems". 

J.  H.  Battocletti,  A.  Sances,  Jr.,  S.  J.  Larson,  S.  M.  Evans, 
R.  L.  Bowman,  V.  Kudravcev,  and  R.  E.  Halbach.   Chapter  in 
Biologic  and  Clinical  Effects  of  Low-Frequency  Magnetic 
and  Electric  Fields,  C.  Cl    Thomas ,  Springfield,  Illinois , 
(in  press) . 

7.  "Measurement  of  Blood  Flow  by  Nuclear  Magnetic  Resonance 
Techniques".   J.  H.  Battocletti,  S.M.Evans ,S .J.  Larson, 
A.  Sances,  Jr.,  R. L.  Bowman,  J.  H.  Linehan,  V.  Kudravcev, 
W.I.  Genthe,  R.  E.  Halbach,  and  F.  J.  Antonich.   Chapter 
in  Flow,  Its  Measurement  and  Control  in  Science  and 
Industry,  Instrument  Society  of  America,  Pittsburg,  Pa. 
(in  press) . 


^93 


Serial  No.  NHLI-84 


1.   Laboratory  of  Technical  Development 
3.   Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Eye  Motion  Measurement  by  Ultrasound 

Previous  Serial  Number:   None 

Principal  Investigator:   Frank  W.  Noble 

Other  Investigators:   Robert  L.  Bowman,  M.  D. 

Cooperating  Units:   None 

Project  Description: 

Objectives:   Deviant  motion  of  the  eye  at  the  first  several 
harmonics  of  the  heart  rate  may  be  indicative  of  circulatory 
problems  within  the  head  and  neck  areas.   There  is  some  evidence 
that  variation  from  normal  motion  may  warn  of  impending  stroke. 

Major  Findings:   Since  an  acoustic  wave  travelling  in  air  is 
totally  reflected  by  any  liquid  or  solid  surface,  it  is 
practical  to  interrogate  a  small  region  of  the  front  surface 
of  the  eye  by  means  of  focussed  ultrasound.   The  phase  delay 
between  separate  transmitting  and  receiving  transducers  is 
modulated  by  the  eye  motion.   This  delay  is  converted  to 
amplitude  modulation  and  recorded,  resulting  in  a  record  of 
eye  motion  vs .  time . 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute:   If  deviant  motionsof  the  front  surface  of  the  eye 
are  found  to  correlate  with  circulatory  pathology,  the 
significance  could  be  considerable. 

Proposed  Course:  The  design  of  suitable  acoustic  lenses  and 
transducer  arrangements  will  be  pursued.  A  phase  deviation 
detector  sensitive  to  variations  with  respect  to  the  average 
received  phase  will  be  built.  This  arrangement  will  largely 
prevent  changes  in  properties  of  the  air  path  from  appearing 
at  the  output. 

Honors  and  Awards:   None 

Publications:   None 
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1.   Laboratory  of  Technical  Development 
3.   Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Analysis  of  Microcirculation  by  Coherent  Light 
Scattering 

Previous  Serial  Number:   None 

Principal  Investigator:   Michael  D.  Stern 

Other  Investigators:   Robert  L.  Bov/man 

Cooperating  Units :   None 

Project  Description: 

Objectives:   The  evaluation  of  peripheral  vascular  diseases 
requires  a  method  of  rapid  non-invasive  measurement  of  the 
physical  parameters  of  the  microcirculation,  i.e.,  blood  flow, 
distribution  of  flow  among  elements  of  the  vascular  bed,  and 
distribution  of  volume.   The  objectives  of  this  project  are 
(a)  to  determine  the  extent  to  which  this  information  can  be 
determined  from  the  spectrum  of  coherent  (laser)  light  scattered 
from  cutaneous  and  sub-cutaneous  tissues  after  interacting  with 
moving  blood  cells,  (b)  to  develop  a  theoretical  model  to 
determine  how  variation  of  the  vascular  parameters  should 
influence  the  spectrum  of  scattered  light  and  (c)  to  demonstrate, 
by  prototype,  the  feasibility  of  constructing  such  an  instrument. 

Methods  Employed : 

(a)   Theoretical  Analysis 

Analysis  is  undertaken  to  predict  the  spectrum  expected  for 
coherent  light  multiply  scattered  from  tissue.   This  involves 
a  statistical  modeling  of  (a)  the  transport  of  light  by  multiple 
scattering  in  tissue  of  various  geometries  (b)  the  expected 
alteration  of  spectrum  due  to  interaction  with  elements  of 
the  vascular  bed  due  to  doppler  shift  in  scattering  from  moving 
blood  cells,  (c)  the  statistical  nature  of  the  microvascular 
bed  and  flow  distribution  therein  and  (d)  the  way  in  which 
relevant  parameters  of  (c)  can  be  determined  from  knowledge  of 
the  light  spectrum. 
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(b)  Instrumentation  Analysis 

Analysis  is  undertaken  to  determine  instrumental  requirements 
needed  to  measure  the  relevant  characteristics  of  the  spectrum. 
Signal  to  noise  ratios,  specifications  for  laser  stability 
and  coherence  and  photomultiplier  performance  and  necessary 
signal  processing  methods  are  developed. 

(c)  Experimental 

Spectrum  of  light  scattered  from  the  cutaneous  vascular  bed  of 
the  extremities  is  measured  under  a  variety  of  circumstances 
influencing  blood  flow  in  order  to  ascertain  empirically  how 
variation  of  total  flow  and  flow  distribution  affect  the 
optical  spectrum.   On  the  basis  of  this  information  a  prototype 
instrument  will  be  designed. 

Major  Findings: 

1.  Review  of  literature  indicates  that  no  satisfactory 
instrumental  method  exists  for  rapid  non-invasive  measurement 
of  the  status  of  the  microvascular  bed,  in  order  to  follow 
the  progress  of  peripheral  vascular  diseases. 

2.  Theoretical  analysis  in  progress  indicates  two  basic 
regimes.   High  order  multiply  scattered  light  seen  through 
tissues  should  have  a  gaussian  spectrum,  of  width  proportional 
to  the  r.m.s.  velocity  of  scatterers  averaged  over  the  tissue 
volume  (including  stationary  scatterers  in  fixed  stroma) .   This 
weighted  average  should  favor  the  flow  in  larger  arterioles. 
Low  order  scattering  (especially  first  order)  should  contribute 
appreciably  to  light  back  scattered  from  the  skin  surface. 
This  light  should  carry  more  detailed  information  about  the 
distribution  of  flow  and  volume  in  the  various  different 
compartments  of  the  microvascular  tree. 

3.  Instrumental  analysis  indicates  that  the  expected 
spectrum  of  doppler  shifts  should  be  in  the  audio  frequency 
range.   Therefore,  the  method  of  processing  the  signal  to 
determine  the  spectrum  should  be  digital  autocorrelation  of 
the  intensity  fluctuations,  followed  by  fourier  analysis  of 
the  autocorrelation  function.   Commercial  instruments  for  this 
purpose  are  available  and  their  specifications  are  being 
reviewed . 

4.  Signal-to-noise  analysis  reveals  principle  noise 
parameters  to  be  (a)  laser  amplitude  noise  (b)  photomultiplier 
quantum  efficiency  (c)  non-flow  related  motion  (e.g.  brownian, 
pulse,  tremor,  etc.)  (d)  laser  coherence  length.   Materials, 
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equipment  and  apparatus  configuration  are  selected  on  the  basis 
of  these  requirements. 

5.   Preliminary  experimental  results  show  that  a  semi- 
quantitative estimate  of  microcirculatory  flow  can  be  made 
with  a  very  simple  experimental  arrangement  using  available 
low  quality  laser  and  signal  processing  equipment.   The  kinetics 
of  microvascular  flow  on  inflation  and  release  of  an  arterial 
compression  cuff  have  been  measured  this  way.   The  present 
signal  to  noise  ratio  is  about  2-3 , inadequate  to  determine 
the  presence  in  the  scattered  light  of  more  detailed  information 
about  the  state  of  the  microvascular  bed. 

SIGNIFICANCE  TO  THE  PROGRAM  OF  THE  INSTITUTE: 

The  diagnosis  and  follwup  of  peripheral  vascular  disease  is  a 
major  epidemiologic  problem.  Additional  applications  of  this 
technique  in  the  evaluation  of  burns  and  in  vascular  research 
are  foreseen. 

Proposed  Course: 

1.  Continuation  of  theoretical  analysis  in  progress. 

2.  Acquisition  of  required  coherent  optical  and  signal 
processing  equipment  described  above  leading  to, 

3.  Measurement  of  detailed  scattering  spectra  under  a 
variety  of  conditions  to  determine  the  limits  of  this 
technique  and  design  optimum  instrument  configuration. 

4 .  Preliminary  evaluation  of  clinical  applicability  of 
prototype  instrument. 

Honors  and  Awards :   None 

Publications :   None 
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Serial  No.  NHLI- 86 

1 .  Laboratory  of  Technical  Development 

2.  Bethesda,  Maryland  20014 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Calorimetric  Measurement  of  Carbon  Dioxide 

Previous  Serial  Number:  NHLI-127 

Principal  Investigator:   Gerald  G.  Vurek 

Other  Investigators:   Theodor  Kolobow,  Edward  Stool 

Cooperating  Units:   None 

Project  Description: 

Objectives:   The  objective  of  this  project  is  to  develope  an 
instrument  to  measure  blood  PCO2  continuously  for  periods  of 
up  to  a  week  in  connection  with  the  use  of  membrane  oxygenators 
for  long-term  extracorporeal  respiratory  support.   Baseline 
and  sensitivity  should  be  stable  to  minimize  the  need  for 
blood  sampling. 

Major  Findings:   Our  previous  work  had  demonstrated  that  the 
heat  of  reaction  of  CO2  with  LiOH,  about  10^  joules/mole,  can 
be  used  to  quantitate  the  amount  of  CO2  present  in  a  sample.   We 
built  a  compact  microcalorimeter  with  a  noise  level  less  than 
1  y  watt  to  enable  us  to  measure  10"  1/sec  of  CO2  with  relative 
error  of  about  2% 

Our  work  to  date  has  been  to  test  the  system  in  vitro  and  in  vivo 
with  regard  to  stability,  sensitivity,  and  long  term  performance. 
We  used  a  sheep  as  the  test  animal  in  the  in  vivo  study;  veno- 
venous  extracorporeal  circulation  loop  was  established  with  a 
membrane  oxygenator  to  control  the  PCO2  of  the  blood  reaching 
the  flow- through  probe.   The  latter  consisted  of  a  3/8  inch 
plastic  tubing  connector  with  a  loop  of  0.6  mm  CD.  x  0.3  mm  I.D. 
silicone  rubber  tubing  inserted  in  the  blood  stream.   CO2  from 
the  blood  diffuses  through  the  wall  of  the  rubber  tubing  and  is 
swept  to  the  LiOH  in  the  calorimeter  by  a  constant  stream  of 
nitrogren.   With  this  system  we  were  able  to  test  the  performance 
of  the  apparatus  for  more  than  a  week  continuously.   Over  a  one 
week  period,  the  sensitivity  remained  constant  within  5%,  and 
difference  between  the  blood  PCO2  measured  by  the  instrument 
and  that  measured  on  samples  measured  with  a  commercial  blood 
gas  analyzer  was  less  than  8  iran  Hg  and  less  than  5  mm  more  than 
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75%  of  the  time.   The  greatest  errors  arose  when  the  membrane 
oxygenator  flow  resistance  rose,  decreasing  the  blood  flow 
through  the  sensing  probe. 

The  role  of  water  vapor  has  not  been  clarified  yet;  it  is 
involved  in  the  formation  of  Li  OH '1120.   Under  some  conditions, 
the  response  of  the  system  to  step  changes  in  CO2  input  yields 
a  response  with  overshoot;  under  other  conditions,  the  overshoot 
is  negligible.   We  are  currently  investigating  the  effect  of 
water  vapor  on  the  response ;  the  resolution  of  the  overshoot 
problem  will  complete  the  project. 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute:  A  flow  through  sensor  for  blood  PCO2  will  be  a 
useful  tool  to  facilitate  the  application  of  membrane  oxygenators 
to  respiratory  support.  Because  membrane  oxygenators  have 
limited  CO2  transfer  capabilities  blood  PCO2  is  one  of  the 
important  variables  to  monitor  during  extracorporeal  circulation. 

Honors  and  Awards:   None 

Publications :   None 
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Serial  No.   NHLI-87 


1.   Laboratory  of  Technical  Development 
3.   Bethesda,  Maryland  20014 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Measurement  of  Picomoles  of  Carbon  Dioxide 

Previous  Serial  Number:  NHLI-126 

Principal  Investigator:   Gerald  G.  Vurek 

Other  Investigators:   David  G.  Warnock  ,  Roland  Corsey 

Cooperating  Units:   Laboratory  of  Kidney  and  Electrolyte 

Metabolism  -  NHLI  and  Biomedical  Engineering 
Instrumentation  Branch  -  DRS 

Objectives:   This  project  has  been  concerned  with  the  development 
of  a  method  to  measure  picomole  amounts  of  carbon  dioxide,  thus 
facilitating  experimental  studies  of  the  acidification  of  urine. 

Major  Findings:   Previous  work  has  shown  that  the  heat  released 
by  the  reaction  of  CO2  with  solid  Li OH,  about  0.1  y  joule/ 
pmole,  could  be  used  to  quantitate  small  amounts  of  CO2 .   The 
current  year's  work  has  reduced  that  demonstration  to  routine 
practice  for  the  measurement  of  the  acid  releasable  COo  in 
nanoliter  samples  obtained  from  perfused  isolated  rabbit  kidney 
tubules. 

A  1  mg  granule  of  porous  LiOH  is  held  between  two  1mm  square 
by  50  ym  thick  thermistors.   The  thermistors  are  the  active 
elements  of  a  4-arm  resistance-temperature  bridge  supplied  by 
an  eight  volt  battery.   The  bridge  un±)alance  signal  caused  by 
the  heat  of  reaction  of  CO2  and  LiOH  is  amplified  by  an 
integrated  circuit  amplifier  mounted  in  the  insulated  box 
surrounding  the  thermistor  chamber.   About  2.5  cm  of  polystyrene 
foan  insulates  the  chamber  from  rapid  ambient  temperature 
changes  and  no  other  thermostatting  is  necessary. 

Samples  of  tubule  fluid  are  injected  into  concentrated  H3PO4  and 
the  released  CO2  is  swept  to  the  calorimeter  by  a  flow  of  dry 
C02-free  Freon-l2.   About  2'  are  required  for  all  the  released 
CO2  to  leave  the  acid  and  react  with  the  LiOH.   The  peak  signal 
occurs  about  40  sec.  after  injection  and  is  typically  0.5  mV/ 
n  mole.   In  order  to  maximize  the  response  to  a  sample,  we  made 
an  effort  to  minimize  the  gas  volume  into  which  the  CO2  is 
released  by  using  a  small  chamber  to  contain  the  thermistors, 
0.3  mm  I.D.  vinyl  connecting  tubing,  and  a  compact  fused  quartz 
chamber  for  the  acid.   About  1  yl  of  acid  is  put  at  the  bottom 
of  the  chamber;  the  sample  is  injected  into  it  through  a  drop 
of  mercury  which  prevents  CO2  loss  around  the  pipet. 
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Although  the  peak  amplitude  is  proportional  to  the  amount  of 
COo  present,  we  decided  to  use  the  integral  of  the  bridge 
unBalance  signal  as  the  measure  of  the  amount  of  CO2  in  ar 
sample.   We  developed  a  baseline-drift  compensating  integrator 
which  will  correct  for  linearly  varying  baselines  by  averaging 
the  baseline  before  and  after  the  integration  period.   By 
this  scheme  we  eliminate  the  effect  of  slow  drifts  of  the 
thermistor  bridge  caused  by  residual  ambient  temperature  effects 
as  well  as  avoid  the  uncertainty  present  in  amplifier  noise 
spectrum  which  would  have  a  greater  effect  on  a  peak -measuring 
device . 

We  have  tested  the  instrument  with  NaHC03  solutions  with  amounts 
of  acid-releasable  CO2  up  to  1  nmole.   The  response  is  linear 
and  the  precision  seems  to  be  limited  by  pipetting  errors. 
There  is  no  interference  from  acetate  ion,  nor  does  the  presence 
of  other  typical  tubule  fluid  components  influence  the  response 
to  COo.   At  levels  below  100  pmoles,  there  is  some  water  vapor 
effect  due  to  the  formation  of  LiOH  H    .   This  effect  can  be 
eliminated  by  reducing  the  carrier  flow  rate  and  it  is  possible 
to  make  measurements  with  an  uncertainty  (one  standard  deviation) 
of  less  than  5x10"   moles. 

Significance  to  Biomedical  Research:   This  sensitive  and  simple 
method  for  measurement  of  picomoles  of  CO2  greatly  facilitates 
the  investigation  of  the  acidification  mechanism  of  the  kidney. 
Heretofore  these  amounts  of  CO2  were  inferred  (as  HC03~) 
indirectly  and  the  results  were  open  to  question.   In  addition, 
the  calorimetric  technique  opens  the  door  to  new  sorts  of 
microanalytical  methods . 

Honors  and  Awards :   None 

Publications:  None 
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Annual  Report  of  the 

Molecular  Hematology  Branch 

National  Heart  and  Lung  Institute 

July  1,  1973  through  June  30,  19lh 

The  mechanism  of  hemoglobin  biosynthesis  and  the  regulatory  controls 
involved  in  hemoglobin  gene  expression  are  being  studied  in  human  disease 
states  as  well  as  in  animal  model  systems.   The  objective  is  to  understand 
the  molecvilar  basis  of  hereditary  anemias  (specifically  the  thalassemias  and 
hemoglobinopathies)  in  order  to  be  able  to  devise  effective  methods  for 
treating  these  diseases.   The  general  approach  has  been  to  fractionate  normal 
and  diseased  red  blood  cells  into  the  various  components  required  for  hemo- 
globin synthesis  and  then  to  reconstitute  the  cellular  components  in  such  a 
way  as  to  reproduce  the  activity  of  the  original  intact  cell.   The  fiinction  of 
each  cellulsir  component  from  the  diseased  cell  can  then  be  compared  with  its 
counterpart  from  a  normal  cell.   The  first  phase  of  this  program  has  been 
successfully  completed,  namely,  the  fractionation  of  the  cytoplasm  of  normal 
and  diseased  reticulocytes  and  the  reconstitution  of  a  cell-free  system  capable 
of  duplicating  the  normal  and  disturbed  fianctions  of  reticulocyte  cytoplasm. 
A  detailed  characterization  of  purified  cytoplasmic  components  (initiation 
factors,  elongation  factors,  ribosomes,  messenger  RNA,  etc)  is  being  carried 
out  in  order  to  understand  fully  the  mechanism  of  protein  synthesis  in 
eukaryotic  cells. 

The  second  phase  of  the  program,  the  fractionation  of  the  nucleus  of  normal 
and  diseased  erythroid  precursors,  was  initiated  two  years  ago.   Major  progress 
has  occurred  during  the  past  year.   It  has  been  possible  to  develop  a  mammalian 
cell-free  system  capable  of  transcribing  globin  messenger  RNA  sequences  from 
bone  marrow  chromatin.  Although  at  present  this  system  is  still  crude  and  of 
low  activity  the  successful  development  of  a  cell-free  RNA  synthesizing  system 
should  now  allow  a  search  for  the  factors  involved  in  the  regulation  of 
messenger  RNA  synthesis. 

The  goal  of  the  Molecular  Hematology  Branch  is  the  treatment  of  human 
genetic  diseases,  specifically,  thalassemia  and  sickle  cell  anemia.   Several 
approaches  have  been  initiated:   First,  as  described  above,  is  the  complete 
fractionation  of  the  erythroblast  so  as  to  allow  a  study  of  the  factors  in- 
volved in  messenger  RNA  and  protein  synthesis.   With  this  knowledge  ways  will 
be  sought  for  either  increasing  beta  globin  messenger  RNA  production  or  de- 
creasing alpha  globin  messenger  RNA  production  in  thalassemic  cells.   Second, 
the  mechanism  of  globin  gene  switching  is  under  active  investigation  using 
the  animal  model  system  of  the  hemoglobin  A  to  hemoglobin  C  gene  switch  in 
sheep  smd  goats.   The  goal  is  to  learn  the  mechanism  of  this  switch  in  order  to 
tuiderstand  how  to  obtain  adult  to  fetal  gene  switching  in  patients  who  have 
normal  fetal  but  abnormal  ad\ilt  hemoglobin.   Third,  a  small  scale  program  is 
under  way  aimed  at  the  cell-free  synthesis  of  a  complete  DNA  gene  for  the  beta 
globin  chain;  such  a  gene  could  potentially  be  used  in  gene  replacement  therapy. 

A  new  program  involving  somatic  cell  hybridization  was  i'jitlated  this 
past  year.   Human  erythroblasts  are  fused  with  mouse  or  Chines i  hamster 
cell  lines  in  an  attempt  to  obtain  hybrid  cell  lines  which  contain  a  human 
ohromosome  for  one  or  more  globin  genes.   Factors  influencing  the  regulation 
of  globin  gene  expression  will  then  be  examined. 
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The  Molecular  Hematology  Branch  opened  a  clinical  service  during  the  past 
year  in  which  patients  with  various  blood  cell  disorders  including  thalassemia, 
sickle  cell  anemia  and  other  hemolytic  anemias  are  diagnosed  and  studied. 
Several  clinical  protocols  are  operational  or  are  being  developed. 

A  summary  of  our  results  obtained  over  the  past  twelve  months  for 
projects  continued  from  past  years  follows: 

1)  Initiation  factors:  An  intensive  effort  continues  to  be  made  to 
identify,  purify,  and  characterize  the  eukaryotic  initiation  and  elongation 
factors.   Seven  initiation  factors  have  now  been  identified  (two  new  factors 
in  the  past  twelve  months).   IF-Ml  has  been  fully  characterized;  IF-M2Bg 

is  homogeneous  and  being  characterized;  the  other  five  factors  (M2A,  M2B(j, 
M3,  MP,  DF)  are  near  homogeneity.   The  two  elongation  factors  axe  homogeneous 
and  are  being  characterized.   Message  specific  initiation  factors,  which  might 
play  a  role  in  translational  control  of  protein  synthesis,  are  being  sought. 

2)  Mechanism  of  hemoglobin  initiation:   As  the  various  initiation  and 
elongation  factors  are  purified  they  are  being  utilized  to  determine  the  exact 
step-by-step  mechanism  of  hemoglobin  synthesis.   Evolutionary  studies  on  the 
protein  synthesis  cell  machinery  have  shown  that  although  procaryotic 
initiation  factors  cannot  replace  eucaryotic  factors,  the  procaryotic  initiator 
tRM  is  approximately  20^  as  effective  as  its  mammalian  counterpart  in  hemo- 
globin synthesis. 

3)  Molecular  basis  of  thalassemia:   Our  patients  with  homozygous  beta 
thalassemia  and  hemoglobin  H  disease  (alpha  thalassemia)  have  a  quantitative 
decrease  in  the  amount  of  messenger  RNA  for  the  affected  globin  chain.   This 
was  demonstrated  by  purification  of  rabbit  alpha  and  beta  globin  messenger  RNA 
and  preparation  of  complementary  DNA  probes  using  the  viral  enzyme,  RNA- 
directed  DNA  polymerase.   The  globin  complementary  DNA  probes  were  then  used 
to  hybridize  to  each  patient's  reticiilocyte  messenger  RNA.   In  the  course  of 
these  studies  it  was  learned  that  the  cross  hybridization  between  rabbit 
complementary  DNA  and  human  messenger  RNA,  while  sufficient  to  define  the 
defect  in  thalassemia,  was  incomplete.   Therefore  we  have  used  messenger  RNA 
from  the  two  classes  of  thalassemia  to  prepare  human  globin  chain  specific 
complementary  DNA  for  use  in  detecting  messenger  RNA  sequences  produced  by 

in  vitro  transcription  of  hiiman  chromatin  (see  section  6  below). 

k)     Hemoglobin  A  ->-  C  switch  in  sheep  and  goats:   During  the  past  year 
we  have  adapted  the  erythroid  colony  assay  originally  devised  by  Stephanson 
and  Axelrod  for  examining  the  control  of  hemoglobin  phenotype  in  sheep  and 
goat  erythroid  cells.   Erythropoietin  is  required  for  colony  growth.   Higher 
concentrations  are  required  to  stimulate  hemoglobin  C  production  than  are  re- 
quired for  colony  growth  and  maximal  hemoglobin  synthesis.   This  result  sug- 
gests several  independent  effects  of  the  hormone.   Despite  equivalent  growth 
potential,  goat  cells  switch  more  readily  to  hemoglobin  C  synthesis  than 
do  sheep  cells.   Conditions  are  being  sought  to  maximize  himian  erythroid 
colony  growth  so  that  these  studies  can  be  expanded  to  examine  the  fetal  to 
adult  switch  in  humans. 

Another  experimental  approach  was  utilized  to  demonstrate  simultaneous 
synthesis  of  A  and  C  hemoglobin  in  individual  sheep  erythroid  cells .   The 
intracellular  occurrence  of  the  hybrid  hemoglobin,  a26  3  ,  in  vivo  supports 
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the  conclusion  that  the  switch  in  hemoglobin  phenotype  is  controlled  at  the 
transcriptional  level  of  gene  expression. 

5)  Synthesis  of  a  globin  DNA  gene:  The  mechanism  of  action  of  the  viral 
enzyme,  RNA-directed  DNA  polymerase,  is  being  examined.  A  novel  reaction  was 
discovered:  when  globin  messenger  RNA  is  transcribed  in  the  presence  of  only 
TTP  as  substrate,  the  enzyme  "slips"  along  the  poly  A  region  of  the  messenger 
RNA  in  such  a  way  that  a  very  large  (up  to  28S)  poly  dT  is  synthesized  from  a 
very  small  template  (approximately  100  rA  bases). 

6)  Cell- free  synthesis  of  globin  messenger  RNA:   Successful  develop- 
ment of  a  cell-free  RNA  synthesizing  system  has  occurred  this  year.   Globin 
messenger  RNA  sequences  were  synthesized  on  rabbit  marrow  chromatin  using 
mammalian  DNA-dependent  RNA  polymerase.   The  RNA  was  detected  by  nucleic  acid 
hybridization  to  complementary  DNA  probes.   No  globin  messenger  RNA  is  syn- 
thesized on  liver  chromatin  in  the  presence  or  absence  of  added  enzyme.   Human 
bone  marrow  has  also  been  successfully  transcribed  and  thalassemic  chromatin 
is  now  being  examined  to  quantitate  synthesis  of  alpha  and  beta  globin 
messenger  RNA  sequences  (see  section  3  above). 

A  report  on  the  new  programs  established  during  the  past  12  months 
follows : 

1)  Erythroblast-fibroblast  somatic  cell  hybrids:   The  technique  of  somatic 
cell  hybridization  has  been  used  to  fuse  human  erythroblasts  with  fibro- 
blasts from  various  mouse  and  Chinese  hamster  cell  lines.   The  goal  is 
to  obtain  hybrid  cells  containing  one  (or  more)  human  chromosome  which 
carries  a  human  globin  gene.   It  is  hoped  to  use  these  stable  cell  lines 
for  studying  the  factors  involved  in  regulation  of  globin  gene  expression. 

2)  Clinical  investigations :   The  newly  established  clinical  service  admits 
patients  with  a  wide  range  of  red  blood  cell  disorders  including 
thalassemia,  sickle  cell  anemia,  other  hemolytic  and  undiagnosed  anemias, 
polycythemias,  etc.   In  addition,  two  protocols  under  active  investi- 
gation have  been  designed  to  study  the  following  problems:   l)  effective- 
ness of  iron  chelators,  with  and  without  ascorbic  acid,  in  the  removal  of 
iron  from  chronically  transfused  patients  and  2)  the  relationship  of  the 
hemocrit  level  to  the  degree  of  hemolysis  in  the  hemolytic  anemia  seen  in 
certain  patients  who  have  prosthetic  heart  valves. 
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cyte Cell-free  Systems 
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Project  Description: 

Objectives:  The  mechanism  and  regulation  of  mammalian  protein  synthesis  is 
being  investigated  by  utilizing  hemoglobin  biosynthesis  as  a  model  system.   The 
rabbit  reticulocyte  has  been  fractionated  into  many  of  its  various  components. 
The  separate  steps  required  in  the  protein  synthesizing  process  can  be  separately 
studied  by  recombinlng  those  components  required  for  each  individual  step. 

Methods :   Standard  techniques  of  enzyme  purification  and  of  protein  and  nucleic 
acid  fractionation  have  been  employed.   Enzymatic  assays  have  been  developed 
or  modified  from  those  described  in  the  literature  to  examine  the  individual 
steps  in  the  processes  of  initiation  and  elongation  of  protein  synthesis. 
Chromatographic  and  electrophoretic  techniques  have  been  developed  for  product 
analysis  of  partial  globin  chains. 

Major  Findings:  1)  A  chromatographic  system  has  been  devised  for  the  ex- 
tensive purification  of  protein  synthesis  initiation  and  elongation  factors. 
Utilizing  phosphocellulose  (pH  7.9),  DEAE- cellulose  (pH  7.5),  hydroxylapatite 
(pH  7.2)  and  Sephadex  G-200  column  chromatography  it  is  possible  to  resolve  all 
of  the  currently  known  initiation  and  elongation  factors.   Seven  initiation 
factors  are  now  known  with  two  new  factors  (M2Ba,  MP)  having  been  found  during 
this  past  year. 

2)  Homogeneous  rabbit  reticulocyte  initiation  factor  Ml  has  been  completely 
pharacterlzed.  Molecular  weight  determinations  based  on  Ml  activity  (gel 
filtration  and  sucrose  density  gradient  sedimentation)  and  based  on  Ml  protein 
(low  speed  equilibrium  sedimentation  and  sodium  dodecyl  sulfate  gel  electro- 
phoresis) indicate  that  Ml  is  active  as  a  single  polypeptide  chain  (65,000 
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molecular  weight).   Amino  acid  composition  of  Ml  has  been  determined  and  there 
appear  to  be  no  unique  features  except  perhaps  an  elevated  proline  content 
(6.9  mole  percent).   The  catalytic  properties  of  purified  Ml  are  similar  to 
those  previously  reported  for  crude  preparations  of  the  factor. 

3)  In  the  final  stage  of  purification  initiation  factor  M2B  was  shown  to  be 
composed  of  two  components  M2Ba  and  M2Bg.   M2Bg  is  homogeneous,  and  has  a  mole- 
cular weight  of  19,500;  its  amino  acid  composition  is  being  determined.   MZBa 
has  a  molecular  weight  of  16,500  and  is  near  homogeneity. 

4)  M2A,  M3,  and  DF  have  been  purified  to  near  homogeneity. 

5)  An  additional  new  factor  (in  addition  to  M2Ba)  has  been  discovered:  MP. 
MP  forms  a  soluble  ternary  complex  with  the  Initiator  tRNA  and  GTP.   It  has  a 
molecular  weight  of  approximately  150,000. 

6)  Elongation  factor  2  (EF-2)  has  been  purified  to  homogeneity.   EF-2  is 
active  as  a  single  polypeptide  chain  of  molecular  weight  105,000.   Rabbit 
reticulocyte  EF-2  appears  quite  similar  to  rat  liver  EF-2  based  on  molecular 
weight,  amino  acid  composition,  ADP-ribosylation  and  the  apparent  presence  of 
an  unidentified  amino  acid  (which  accepts  ADP-ribose  and  which  elutes  slightly 
before  tryptophan  on  the  basic  column  of  a  Beckman  120C  amino  acid  analyzer) . 

7)  Elongation  factor  1  (EF-1)  has  been  purified  to  a  high  degree.   The  best 
preparation  exhibits  1  broad  band  on  disc  gel  electrophoresis.   Sodium  dodecyl 
sulfate  gel  electrophoresis  indicates  the  presence  of  two  major  bands  (53,000 
and  49,000  daltons) .   Based  on  a  gel  filtration  molecular  weight  of  '^^800,000, 
EF-1  must  contain  several  subunits. 

8)  The  mechanism  of  initiation  of  the  sheep  beta  C  chain  has  been  investi- 
gated and  shown  to  be  similar  to  the  mechanism  of  initiation  of  other  globin 
chains.   Met-tRNAf  (initiator  tRNA)  and  the  known  initiation  factors  are  re- 
quired; during  the  elongation  process  the  N-terminal  methionine  is  cleaved. 

Significance  to  Biomedical  Research  and  Institute  Program:   An  understanding 
of  the  mechanism  and  regulation  of  mammalian  protein  synthesis  is  important  to 
the  understanding  of  overall  normal  cell  function. 

Proposed  Course  of  Project:  We  plan  to  continue  the  program  of  identifying, 
purifying  and  characterizing  all  the  initiation  and  elongation  factors  re- 
quired for  protein  biosynthesis,  of  determining  the  precise  role  of  each 
factor  in  the  translation  process,  and  of  seeking  message  specific  initiation 
factors  which  might  play  a  role  in  translational  control  of  protein  synthesis. 

Honors  and  Awards:   None 

Publications: 


1.  Elson,  N.A.,  Crystal,  R.G.,  and  Anderson,  W.F. :  Paper  electrophoresis 
and  chromatography  of  oligopeptides  with  N-terminal  methionine.  Anal. 
Biochem. ,  54,  161-169,  1973. 
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2.  Merrick,  W.C.,  Lubsen,  N.H. ,  and  Anderson,  W.F. :  A  rlbosome  dissociation 
factor  from  rabbit  reticulocyte  distinct  from  Initiation  factor  M3.  Proc. 
Nat.  Acad.  Scl. ,  USA,  70:  2220-2223,  1973. 

3.  Anderson,  W.F.:  Purification  and  characterization  of  rabbit  reticulocyte 
Initiation  and  elongation  factors.   International  Colloquium  on  Normal 
and  Pathological  Protein  Synthesis  In  Higher  Organisms.   Institut 
National  de  la  Sante  et  de  la  Recherche  Medicale.  Paris,  France,  10-12: 
287-297,  1973. 

A.  Crystal,  R.G. ,  Elson,  N.A. ,  and  Anderson,  W.F.:   Initiation  of  globln 
synthesis:  Assays.  K.  Moldave  and  L.  Grossman  (eds) :  Methods  in 
Enzymology  30:  101-127,  1974. 

5.  Merrick,  W. ,  Graf,  H.,  and  Anderson,  W.F.:  Preparation  of  protein  syn- 
thesis initiation  factors  IF-Ml,  IF-M2A  and  IF-M2B  from  rabbit  reticulo- 
cytes. K.  Moldave  and  L.  Grossman  (eds):  Methods  in  Enzymology  30: 
128-136,  1974. 

6.  Prlchard,  P.M.,  and  Anderson,  W.F.:  Preparation  of  rabbit  reticulocyte 
initiation  factor  IF-M3.  K.  Moldave  and  L.  Grossman  (eds):  Methods  in 
Enzymology  30:  136-141,  1974. 

7.  Anderson,  W.F.:  Cell-free  synthesis  of  globln  chains:  An  overview.  Ann. 
N.Y.  Acad.  Scl.  (in  press). 

8.  Elson,  N.A.,  Brewer,  B. ,  and  Anderson,  W.F. :  Hemoglobin  switching  in 
sheep  and  goats:  III.  Cell-free  initiation  of  shepp  globln  synthesis. 
J.  Biol.  Chem.  (In  press). 

9.  Merrick,  William  C.  and  Anderson,  W.  French:  Purification  and  characteri- 
zation of  homogeneous  protein  synthesis  initiation  factor  Ml  from  rabbit 
reticulocytes.   J.  Biol.  Chem.  (in  press). 
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1.  Molecular  Hematology  Branch 

2.  Bethesda,  Maryland 

PHS-NHLI 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Evolutionary  Homology  of  Components  of  the  Protein 
Synthesizing  Machinery 

Previous  Serial  Number:  NHLI-110 

Principal  Investigators:  William  C.  Merrick,  Ph.D. 
Norton  Elson,  M.D. 
Dante  Picciano,  Ph.D. 
W.  French  Anderson,  M.D. 

Other  Investigators:      None 

Cooperating  Units:        None 

Project  Description: 

Objectives:  The  extent  of  evolutionary  homology  of  the  components  of  the 
cell's  protein  synthesizing  machinery  in  organisms  throughout  the  phylogenetic 
tree  is  being  examined. 

Methods:  Cell  components  are  isolated  from  organisms  ranging  from  E^  coli  to 
human.  Interchangeability  of  components  between  species  is  analyzed  in  cell- 
free  assays. 

Major  Findings:   The  initiator  tRNA  (Met-tRNAf)  has  been  extensively  studied 
in  terms  of  species  specificity  and  effect  of  formylation.   fMet-tRNAf  and 
Met-tRNAf  from  E^  coli  as  well  as  fMet-tRNAf  and  Met-tRNAf  from  rabbit  liver 
have  been  examined  in  various  initiation  assays  including  initiator  tRNA 
binding  to  initiation  factor  MP,  initiator  tRNA  binding  to  ribosomes,  formation 
of  Met-puromycin,  formation  of  the  initial  dipeptlde  Met-Val,  and  in  hemo- 
globin S3mthesis.   The  data  show  that  mammalian  fMet-tRNAf  is  about  20  to  30% 
as  efficient  as  the  natural  Met-tRNAf;  the  Ej_   coli  fMet-tRNAf  is  totally 
inactive  in  all  assays;  the  nonformylated  Met-tRNAf  from  E^  coli  is  less  than 
20%  as  efficient  as  the  mammalian  species  in  most  assays  including  hemoglobin 
synthesis. 

Significance  to  Biomedical  Research  and  Institute  Program:   The  fact  that  at 
least  parts  of  the  cell's  protein  synthesis  apparatus  appear  to  have  remained 
essentially  unchanged  during  evolutionary  development  implies  that  many  con- 
clusions concerning  the  mechanism  of  cell  function  determined  in  lower  or- 
ganisms might  be  applicable  to  human  tissues.   By  demonstrating  the  inter- 
changeability of  a  component,  it  is  possible  that  genetic  apparatus  from 
lower  organisms  might  eventually  be  used  therapeutically  in  man. 
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Proposed  Course  of  Pro.lect:  The  species  and  tissue  specificity  of  the  cell 
components  involved  In  protein  synthesis  will  continue  to  be  Investigated. 

Honors  and  Awards;   None 

Publications ; 

1.   Plcclano,  D.,  and  Anderson,  W.F.:   Preparation  of  protein  synthesis 
Initiation  factors  from  rabbit  liver.   K.  Moldave  and  L.  Grossman 
(eds):  Methods  In  Enzymology  30:  171-180,  1974. 
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1.  Molecular  Hematology  Branch 

2.  Bethesda,  Maryland 

PHS-NHLI 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  Regulation  of  Hemoglobin  Chain  Synthesis  in  Beta-Thalassemia 

Previous  Serial  Number:  NHLI-109(c) 

Principal  Investigators:  Arthur  W.  Nienhuis,  M. D. 
Ramon  Velez,  M.D. 
Judith  Kantor,  M.S.  &  Hyg. 
Alan  Steggles,  Ph.D 
Colder  Wilson,  M.D.,  Ph.D. 
W.  French  Anderson,  M.D. 

Other  Investigators:      Dante  Picciano,  Ph.D. 

Cooperating  Units:       None 

Project  Description: 

Objectives:  Beta- thalassemia,  also  known  as  Cooley's  Anemia,  is  an  hereditary 
disease  characterized  by  severe  anemia.   The  anemia  is  a  consequence  of  a  low 
level  of  beta  chains  of  hemoglobin  being  produced  by  the  patient's  red  blood 
cells.   This  results  in  an  excess  of  alpha  globin  chains.   These  excess  alpha 
chains  precipitate  in  the  cell  and  cause  the  cell  to  be  lysed.  No  amino  acid 
change  has  been  found  in  the  hemoglobin  beta  chains  of  thalassemic  patients. 
It  is  generally  assumed,  therefore,  that  the  molecular  abnormality  resides  in 
the  regulation  of  beta  chain  synthesis.   The  normal  mechanisms  for  regulation 
of  hemoglobin  chain  synthesis  and  the  nature  of  the  defect  in  beta-thalassemic 
cells  which  allows  normal  alpha  chain,  but  limited  or  absent  beta  chain,  pro- 
duction are  being  investigated. 

Methods:   Reticulocytes  and/or  bone  marrow  are  obtained  both  from  patients  with 
beta-thalassemia  and  from  patients  displaying  a  high  reticulocyte  count  secondary 
to  another  cause  (for  example,  recovery  from  folic  acid  deficiency,  sickle  cell 
anemia,  etc.).   Cytoplasmic  components  involved  in  hemoglobin  synthesis  are 
isolated  and  utilized  in  a  cell-free  hemoglobin  synthesizing  system;  nuclear 
components  involved  in  messenger  RNA  synthesis  are  isolated  and  utilized  in  a 
cell-free  RNA  sjmthesizing  system.  By  substituting  each  component  in  turn  from 
the  thalassemic  cells  into  the  non- thalassemic  cell-free  systems,  each  component 
of  the  thalassemic  system  can  be  tested  to  determine  which  is  normal  and  which 
is  abnormal.   Globin  chain  complementary  DNA  probes  are  prepared  using  the  viral 
enzyme  RNA-directed  DNA  polsnmerase  with  globin  messenger  RNA  as  template. 

Major  Findings:   1)   Our  patients  with  homozygous  beta-thalassemia  and  hemo- 
globin H  disease  (alpha-thalassemia)  have  a  quantitative  decrease  in  the  amount 
of  messenger  RNA  for  the  specific  globin  chain  as  demonstrated  using  the 
globin  chain  specific  complementary  DNA  probes. 

2)   Thalassemic  and  non-thalassemic  chromatin  has  been  used  in  a  cell-free 
RNA  synthesizing  system  in  an  attempt  to  determine  the  amount  of  alpha  and 
beta  globin  messenger  RNA  sequences  synthesized  from  the  chromatin.   Attempts 
to  use  the  alpha  and  beta  globin  complementary  DNA  probes  synthesized  from 
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rabbit  templates  demonstrated  that  rabbit  complementary  DNA  does  not  fully 
cross  hybridize  with  human  messenger  RNA.  Therefore  messenger  RNA  from  the 
two  classes  of  thalassemia  have  been  utilized  to  obtain  human  globin  chain 
specific  complementary  DNA.  These  human  complementary  DNA  probes  will  now  be 
utilized  with  the  human  cell-free  RNA  synthesizing  system. 

3)  Methods  are  being  developed  for  isolating  and  purifying  small  amounts 
of  poly  A  containing  human  messenger  RNA. 

Significance  to  Biomedical  Research  and  Institute  Program;   The  thalassemias 
are  severe  hereditary  diseases  which  as  a  group  affect  more  individuals  world 
wide  than  any  other  single  gene  defect.   A  method  is  needed  for  treating  these 
diseases  which  will  reduce  or  eliminate  the  frequent  blood  transfusions  that 
are  often  required.   In  addition,  the  techniques  utilized  to  learn  how  the 
rate  of  hemoglobin  synthesis  is  regulated  can  then  be  applied  to  studying  other 
diseases  where  the  defect  is  also  in  faulty  regulation  in  the  synthesis  of  a 
gene  product. 

Proposed  Course  of  Project;   The  relative  amount  of  alpha  and  beta  globin 
messenger  RNA  sequences  synthesized  from  thalassemlc  and  non-thalassemic 
chromatin  in  the  cell-free  RNA  synthesizing  system  will  be  quantltated. 
Fractionation  of  the  nuclear  components  of  thalassemlc  erythrold  cells  will  be 
carried  out  to  determine  the  molecular  defect  in  thalassemia. 

Honors  and  Awards:   None 

Publications ; 

1)  Nienhuis,  A.W.,  Canfield,  P.H.,  and  Anderson,  W.F. :  Human  bone  marrow 
hemoglobin  messenger  RNA;  Isolation  and  translation  In  homozygous  and 
heterozygous  beta- thalassemia.   J.  Clin.  Invest.  52:  1735-1745,  1973. 

2)  Nienhuis,  A.W. ,  Falvey,  A.K.,  and  Anderson,  W.F. :   Preparation  of 
globin  messenger  RNA.   K.  Moldave  and  L.  Grossman  (eds) :  Methods  In 
Enzymology  30:  621-630,  1974. 

3)  Anderson,  W.F. :   Isolation  and  translation  of  human  and  animal  globin 
mRNAs.   International  Colloquium  on  Normal  and  Pathological  Protein 
Synthesis  in  Higher  Organisms.   Instltut  National  de  la  Sante  et  de  la 
Recherche  Medicale,   Paris,  France,  10-12:  345-353,  1973. 

4)  Anderson,  W.F. :  Isolation  and  translation  of  messenger  RNA  from  beta- 
thalassemla  red  cells.  Ann.  N.Y.  Acad.  Sci.  (in  press). 

\ 

5)  Nienhuis,  A.W.,  and  Anderson,  W.F. :   The  molecular  defect  In 
thalassemia.   Clinics  in  Haematology  (In  press) . 
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1.  Molecular  Hematology  Branch 

2.  Bethesda,  Maryland 

PHS-NHLI 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  The  Mechanism  of  Hemoglobin  Switching  in  Sheep  and  Goats 

Previous  Serial  Number:  NHLI-287 

Principal  Investigators:  Jane  Barker,  Ph.D. 

W.  French  Anderson,  M. D. 
Arthur  W.  Nienhuis,  M.D. 

Other  Investigators:  H.  Franklin  Bunn,  M.D. 
Joseph  E.  Pierce,  M.D. 
Leonard  Stuart 

Cooperating  Units:   Division  of  Hematology,  Peter  Bent  Brlgham  Hospital, 
Boston,  Massachusetts 
Section  on  Laboratory  Animal  Medicine  and  Surgery,  NHLI, 
Ungulate  Unit,  NIH  Animal  Center 

Project  Description: 

Objectives:  This  project  utilizes  the  erythropoietin- induced  switch  in  hemo- 
globin phenotype  which  occurs  in  sheep  and  goats  as  a  model  system  for  under- 
standing factors  which  regulate  globin  gene  expression  in  erythroid  cells. 
Both  the  cellular  events  accompanying  differentiation  and  hemoglobin  synthesis 
and  the  subcellular  events  related  to  the  regulation  of  transcription  will  be 
explored . 

Methods:  Bone  marrow  is  obtained  from  normal,  anemic,  or  transfused  phlethoric 
animals.   The  cells  are  grown  in  vitro  directly  or  after  fractionation  by  unit 
gravity  sedimentation  under  conditions  in  which  erythroid  colonies  form.  Globin 
synthesis  is  quantitated  and  the  type  and  amount  of  each  globin  chain  determined 
by  chromatography  or  gel  electrophoresis.   Chromatin  extracted  from  bone  marrow 
is  assayed  in  vitro  for  its  ability  to  support  synthesis  of  globin  gene  se- 
quences as  measured  by  nucleic  acid  hybridization  to  complementary  DNA.   Intact 
red  cells  obtained  from  sheep  in  various  stages  of  the  switch  are  applied 
directly  to  polyacrylamide  gels  and  the  various  hemoglobin  species  resolved  by 
isoelectric  focusing. 

Major  Findings:   1)  Erythroid  colonies  have  been  grown  from  sheep  and  goat  bone 
marrow.   Erythropoietin  is  required  for  colony  growth.   Cells  in  goat  colonies 
exposed  to  high  concentrations  of  erythropoietin  synthesize  hemoblobin  C,  al- 
though the  concentration  of  erythropoietin  required  to  produce  this  effect  is 
several  fold  higher  than  that  required  for  colony  growth.   Hemoglobin  C  syn- 
thesis was  not  induced  in  vitro  until  colony  growth  appeared  (3-4  days)  sug- 
gesting that  erythropoietin  acts  on  an  early  precursor  stimulating  dif- 
ferentiation (low  erythropoietin  concentration)  and  hemoglobin  C  production 
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(high  erythropoietin  concentration).   Sheep  erythroid  colonies  were  grown  in 
vitro  but  only  a  small  amount  of  hemoglobin  C  was  synthesized  even  at  high 
erythropoietin  concentration.   This  differentiation  from  an  early  precursor  to 
a  mature  colony  is  necessary  but  not  sufficient  for  the  induction  of  hemoglobin 
C  synthesis  in  vitro. 

2)  The  assymetrical  hybrid  hemoglobin  tetramer,  oi23^3^,  was  identified 
in  intact  sheep  red  cells.   Thus  both  globin  chains  can  be  synthesized  by  the 
same  erythroid  cells  indicating  direct  regulation  at  the  level  of  globin  gene 
expression. 

Significance  to  Biomedical  Research  and  Institute  Program;  Activation  of  hemo- 
globin F  synthesis  in  the  cells  of  patients  suffering  from  sickle  cell  anemia 
or  thalassemia  should  totally  alleviate  the  symptoms  of  the  disease.   The  sheep 
and  goat  model  system  will  be  useful  in  defining  conditions  under  which  hemo- 
globin phenotype  can  be  influenced  thereby  facilitating  the  search  for  agents 
Which  regulate  the  proportion  of  fetal  hemoglobin  sjrathesis  in  human  erythroid 
marrow  cells. 

Proposed  Course  of  the  Project;  Marrow  will  be  fractionated  to  purify  the 
earliest  erythroid  precursor  at  which  hemoglobin  is  regulated.   In  an  attempt 
to  understand  the  difference  in  behavior  between  sheep  and  goat  cells  the 
relationship  between  erythropoietin  concentration  and  hemoglobin  C  synthesis 
will  be  more  precisely  defined  and  the  possible  interactions  of  other  agents 
known  to  affect  erythroid  cells  (e.g.  cyclic  nucleotides,  androgenesis ,  etc.) 
will  be  explored.   These  studies  will  be  extended  to  human  bone  marrow  as  soon 
as  feasible. 

Honors  and  Awards;   None 

Publications : 

1.  Barker,  J.E.,  Last,  J.A. ,  Adams,  S.L. ,  Nienhuis,  A.W. ,  and  Anderson, 
W.F.:   Hemoglobin  switching  in  sheep  and  goats:   Erythropoietin-de- 
pendent  synthesis  of  hemoglobin  C  in  goat  bone-marrow  cultures.   Proc. 
Nat.  Acad.  Sci. ,  USA.  70;  1739-1743,  1973. 

2.  Nienhuis,  A.W. ,  Elson,  N.A.,  Barker,  J.E.,  and  Anderson,  W.F. ;   Hemo- 
globin switching  in  sheep  and  goats:   Aspects  of  the  molecular 
mechanism.   Ann.  N.Y.  Acad.  Sci.  (in  press). 

3.  Nienhuis,  A.W. ,  and  Bunn,  H.F.:   Hemoglobin  switching  in  sheep  and 
goats:  Occurrence  of  the  hybrid  hemoglobin,  a23^B^  in  the  same  red 
cell.   Science  (in  press). 
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1.  Molecular  Hematology  Branch 

2.  Bethesda,  Maryland 

PHS-NHLI 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  Mechanism  of  Action  of  the  Enzyme  RNA-Directed  DNA  Polymerase 

Previous  Serial  Number:  NHLI-112 

Principal  Investigators:  Amy  Falvey,  Ph.D. 
Joel  Vavich,  M.D. 
Gary  Weiss,  M.D.,  Ph.D. 
Judith  Kantor,  M.S..&Hyg. 
W.  French  Anderson,  M.D. 

Other  Investigators:      Dante  J.  Picciano,  Ph.D. 

Cooperating  Units:        Special  Virus  Cancer  Program,  National  Cancer 
Institute 

Project  Description: 

Objectives:   The  enzyme  RNA-directed  DNA  polymerase,  also  known  as  Reverse 
Transcriptase,  from  avian  myeloblastosis  virus  (and  other  sources)  provides  a 
possible  means  for  sjmthesizing  a  DNA  gene  directly  from  isolated  messenger  RNA. 
Unfortunately,  the  DNA  product  so  far  obtained  is  only  a  partial  copy  of  the 
messenger  RNA  template.   It  is  desired,  therefore,  to  learn  the  mechanism  of 
action  of  the  enzyme  in  order  to  establish  conditions  whereby  a  complete  (and 
active)  DNA  gene  can  be  transcribed  from  a  globin  messenger  RNA. 

Methods:   The  enzyme  is  purified  by  standard  procedures  from  avian  myelo- 
blastosis virus  obtained  through  the  National  Cancer  Institute's  Special 
Virus  Cancer  Program.   Globin  messenger  RNA  is  isolated  from  rabbit  reticulo- 
cytes; DNA  product  analysis  is  by  CeS04  density  gradient  centrifugation. 
Primers  and  single  base  oligonucleotides  are  prepared  by  enzymatic  and/or 
chemical  means  followed  by  purification  by  standard  nucleic  acid  fractionation 
techniques.   Artificial  block  polynucleotide  templates  are  being  synthesized 
by  means  of  various  enzymatic  and  chemical  techniques  including  use  of  the 
enzyme  polynucleotide  phosphorylase. 

Major  Findings:   1)   The  RNA  directed  DNA  polymerase  reaction  is  dependent  on 
messenger  RNA  as  template,  oligo(dT)  as  primer,  and  the  four  deoxynucleoside 
phosphates  as  substrates.   28S,  18S  and  4S  RNA  are  not  effective  templates. 
Oligo(dG),  oligo(dC)  and  oligo(dA)  are  not  effective  primers.   The  product  of 
the  reaction  is  a  DNA-RNA  hybrid,  the  DNA  of  which  has  an  electrophoretic 
mobility  of  7-lOS.   The  DNA  hybridizes  with  globin  lOS  messenger  RNA  but  not 
with  28S,  IBS  or  4S  RNA,  nor  does  it  hybridize  with  an  8-12S  RNA  fraction  iso- 
lated from  rabbit  liver  polysomes.   Thus  the  RNA  directed  DNA  polymerase  is 
capable  of  synthesizing  a  DNA  molecule  complementary  to  globin  messenger  RNA; 
however  based  on  its  size  the  product  does  not  appear  to  be  a  complete  copy  of 
the  RNA  template. 
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2)  Using  rabbit  reticulocyte  lOS  globln  messenger  RNA  or  rabbit  liver 
messenger  RNA  as  template  the  RNA-dlrected  DNA  polymerase  can  synthesize  poly 
(dT)  when  dTTP  is  the  only  substrate  present;  no  reaction  occurs  in  the  presence 
of  any  other  single  deoxynucleoside  triphosphate.   A  high  molecular  weight  (up 
to  28S)  poly(dT)  polymer  is  formed,  presumably  transcribed  from  the  poly(A) 
region  of  the  messenger  RNA  (around  100  bases).   Thus,  under  some  conditions, 
the  enzyme  may  "slip"  during  transcription  so  that  parts  of  the  RNA  are 
transcribed  more  than  once  in  the  synthesis  of  a  single  DNA  molecule. 

Significance  to  Biomedical  Research  and  Institute  Program;   The  ability  to 
synthesize  a  DNA  gene  in  vitro  would  be  a  major  step  towards  the  goal  of 
successful  therapy  of  human  genetic  diseases. 

Proposed  Course  of  Project;   Detailed  studies  on  the  mechanism  of  action  of 
the  enzyme  RNA-dlrected  DNA  polymerase  are  being  carried  out. 

Honors  and  Awards;   None 

Publications ; 

1)  Falvey,  Amy  K. ,  Kantor,  Judy  A.,  Robert,  M.G.,  Plcciano,  Dante  J., 
Weiss,  Gary  B.,  Vavich,  Joel  M. ,  and  Anderson,  W.  French:  Mechanism 
of  action  of  RNA-dlrected  DNA  polymerase.   I.  Transcription  of  globln 
messenger  RNA.   J.  Biol.  Chem.  (in  press). 
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1.  Molecular  Hematology  Branch 

2.  Bethesda,  Maryland 

PHS-NHLI 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  Mechanism  of  Globin.  Messenger  RNA  Transcription  in  Bone  Marrow 
Cells 

Previous  Serial  Number:    NHLI-107 

Principal  Investigators:    Alan  W.  Steggles,  Ph.D. 

Colder  Wilson,  M.D. ,  Ph.D. 
Judith  Kantor,  M. Sc.  &  Hyg. 
Arthur  Nienhuis,  M.D. 
W.  French  Anderson,  M.D. 

Other  Investigators:        Dante  J.  Picciano,  Ph.D. 

Amy  Falvey,  Ph.D. 
Joseph  E.  Pierce,  M.D. 
Leonard  Stuart 

Cooperating  Units:  Section  on  Laboratory  Animal  Medicine  and 

Surgery,  NIH 
Ungulate  Unit,  NIH  Animal  Center 

Project  Description: 

Objectives:   Since  the  molecular  defect  in  beta-thalassemia  is  a  decreased 
amount  of  beta  globin  messenger  RNA,  a  defect  in  the  synthesis  or  stability  of 
beta-globin  messenger  RNA  is  suggested.   The  objective  of  this  project  is  to 
determine  the  normal  mechanism  of  regulation  of  globin  messenger  RNA  synthesis 
in  bone  marrow  cells. 

Methods :  Young  sheep  are  the  source  of  bone  marrow  and  other  tissues.  Chromatin 
and  chromatin  fractions  (histones,  acidic  proteins,  DNA)  are  obtained  by 
standard  biochemical  techniques.   DNA-dependent  RNA  poljrmerase  is  purified  from 
sheep  liver  by  standard  enzyme  purification  techniques.   RNA  product  analysis 
is  by  sucrose  gradient  centrifugation  and  polyacrylamide  gel  electrophoresis. 
Messenger  RNA  is  detected  by  hybridization  with  complementary  DNA.   The 
complementary  DNA  is  sjmthesized  using  globin  messenger  RNA  template  by  the 
viral  enzyme  RNA-directed  DNA  polymerase. 

Major  Findings:   1)  A  mammalian  cell-free  RNA  synthesizing  system  was  developed 
in  which  mammalian  RNA  polymerase  synthesizes  globin  messenger  RNA  sequences 
from  bone  marrow  chromatin.   Both  DNA  dependent  RNA  polymerase  II  from  sheep 
liver  and  RNA  polymerase  from  E.  coli  can  transcribe  globin  messenger  RNA  se- 
quences from  rabbit  bone  marrow  chromatin.   However,  the  mammalian  enzyme 
appears  to  be  more  specific  in  that  globin  messenger  RNA  sequences  represent  a 
higher  proportion  of  the  RNA  synthesized.   Neither  polymerase  can  transcribe 

1  s/e 


Serial  No.   NHLI-93 
globln  messenger  RNA  sequences  from  rabbit  liver  chromatin. 

2)  The  specificity  of  the  globin  complementary  DNA  used  in  the  annealing 
reactions  was  verified  by  preparing  DNA  complementary  to  liver  messenger  RNA 
and  showing  that  the  globin  and  liver  complementary  DNA's  are  specific  for 
their  own  messenger  RNA's. 

3)  The  DNA  dependent  RNA  polymerase  was  purified  from  sheep  liver  to  near 
homogeneity.  The  enzyme  was  shown  to  be  RNAse  free.   It  was  shown  by  poly- 
acrylamide  gel  analysis  of  the  RNA  synthesized  from  chromatin  by  nuclease-free 
RNA  polymerase  that  the  size  of  the  product  is  6-7S. 

Significance  to  Biomedical  Research  and  Institute  Research;  Understanding 
the  mechanism  of  messenger  RNA  transcription  in  eucaryotic  cells  is  essential 
to  understanding  gene  action. 

Proposed  Course  of  Project;  This  cell  free  RNA  synthesizing  system  will  be 
used  in  searching  for  mammalian  transcriptional  regulatory  factors. 

Honors  and  Awards;  None 

Publications ; 

1.  Steggles,  A.W. ,  Wilson,  G.N. ,  Kantor,  J. A.,  Picciano,  D.J., 
Falvey,  A.K. ,  and  Anderson,  W.F.:  Cell-free  transcription  of 
mammalian  chromatin:  Transcription  of  globin  mSNA  sequences 
from  bone  marrow  chromatin  using  mammalian  RNA  polymerase. 
Proc.  Nat.  Acad.  Sci. ,  USA  71:  1219-1223,  1974. 

2.  Anderson,  W.F.,  Steggles,  A.,  Wilson,  G. ,  Kantor,  J.,  Velez,  R. , 
Picciano,  D. ,  Falvey,  A.,  and  Nienhuis,  A.:  Cell-free  transcription 
of  human  bone  marrow  chromatin.  Ann.  N.Y.  Acad.  Sci.  (in  press). 
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Serial  No.      NHLI-94 


1.  Molecular  Hematology  Branch 

2.  Bethesda,  Maryland 

PHS-NHLI 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  Globin  Gene  Expression  in  Somatic  Cell  Hybrids. 

Previous  Serial  Number:  None 

Principal  Investigators:  Albert  Deisseroth,  M.D.,  Ph.D. 
W.  French  Anderson,  M.D. 
Arthur  W.  Nienhuis,  M.D. 

Other  Investigators:      Dante  Picciano,  Ph.D. 

Cooperating  Units:        None 

Project  Description: 

Objectives:   Somatic  cell  hybrids  will  be  generated  by  fusion  of  erythroid 
cells  and  established  cell  lines,  with  the  goal  of  obtaining  continuously 
replicating  cells  capable  of  globin  sjmthesis.   These  would  then  be  used  to 
study  regulation  of  expression  of  the  globin  genes  and  may  offer  insight 
into  the  molecular  mechanism  of  thalassemia. 

Methods:   Erythroid  cells  are  obtained  from  human  and  animal  bone  marrow, 
mouse  spleen,  or  fetal  liver  and  purified  by  differential  immune  lysis, 
bouyant  density  centrifugation,  or  unit  gravity  sedimentation.   These  cells 
are  fused  to  established  cell  lines  using  inactivated  Sendai  virus.   Selective 
media  are  constructed  which  favor  the  growth  of  the  hybrid  cells  over  the 
parent  lines  and  the  hybrid  nature  of  the  resulting  clones  is  confirmed  by 
analysis  of  the  chromosomal  composition  and  isosyme  content.   Globin  messenger 
RNA  is  detected  by  hybridization  of  the  hybrid  cell  RNA  to  appropriate 
complementary  DNA  probes  and  the  presence  of  globin  is  detected  by  radio- 
active precursor  incorporation  or  radioimmunoassay. 

Major  Findings;   The  purification  of  erythroid  cells  has  been  accomplished 
and  fusion  of  these  cells  to  various  fibroblasts  performed.   Hybrids  between 
mouse  L-cells  and  mouse  or  rabbit  marrow  cells  are  characterized  by  rapid 
loss  of  chromosomes  until  the  nodal  number  of  the  mouse  parent  is  approached. 
Retention  of  rabbit  genetic  information  in  certain  hybrid  lines  has  been 
shown  by  demonstration  of  expression  of  the  genes  for  LDH  and  pyruvate  kinase. 
These  segregating  hybrids  do  not  appear  to  synthesize  globin.   Additional 
hybrid  cell  lines  have  been  established  between  cell  populations  enriched 
in  human  erythroid  precursors  and  mouse  erythroleukemia  cells  in  an  attempt 
to  obtain  non-segregating  hybrids  or  cells  retaining  chromosomes  active  in 
globin  gene  expression. 
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Significance  to  Biomedical  Research  and  Institute  Program:   The  mechanism  of 
mammalian  gene  regulation  is  largely  unknown  but  is  of  fundamental  Importance 
in  understanding  human  genetic  disease.   This  program  offers  opportunity  for 
insight  into  genetic  regulation  by  exploiting  our  knowledge  of  and  ability  to 
study  the  expression  of  the  globin  genes  in  stable  somatic  cell  hybrids. 

Proposed  Course  of  the  Project:  Hybrids  will  be  sought  which  retain  chromo- 
somes from  erythrold  precursors  which  bear  one  or  more  globin  genes.   Globin 
gene  expression  will  then  be  studied  by  specific  measurement  of  globin  within 
the  cytoplasm,  assay  of  cell  extracts  for  messenger  RNA  content,  and  cell- 
free  transcription  of  chromatin. 

Honors  and  Awards:  None 

Publications:  None. 
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Serial  No.  NHLI-95(c) 

1.  Molecular  Hematology  Branch 

2.  Bethesda,  Maryland 

PHS-NHLI 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Iron  Chelation  Therapy  in  Transfusional  Hemosiderosis 

Previous  Serial  Number:  None 

Principal  Investigator:  Arthur  W.  Nienhuis,  M.D. 

Other  Investigators:     Frederic  Bartter,  M.D. 
Roger  Aamodt,  M.D. 

Cooperating  Units:   Endocrinology  Branch,  National  Heart  and  Lung  Institute 

Section  on  Total  Body  Counting,  Nuclear  medicine  Department 

Project  Description: 

Objectives:   The  object  of  this  study  is  to  evaluate  available  iron  chelators, 
to  maximize  their  effectiveness,  and  to  test  new  chelators  as  they  become 
available.   The  current  protocol  is  designed  to  evaluate  the  effect  of 
desferoxamine  on  total  iron  balance.   The  added  effect  of  ascorbic  acid  on 
urinary  iron  excretion  and  GI  absorption  is  also  being  evaluated. 

Methods :   Patients  are  studied  under  metabolic  balance  conditions.   A  standard 
diet  of  measured  calcium,  phosphorus,  and  iron  content  is  eaten  daily  and  the 
total  excretion  of  these  elements  is  measured  in  the  stool  and  urine.   Analysis 
of  iron  absorption  is  obtained  by  administration  of  tracer  doses  of  ^^Fe  and 
measurement  of  absorption  by  the  total  body  counter. 

Major  Findings:   Initial  results  indicate  that  desferoxamine  induces  a  loss  of 
10  to  30  mg  of  iron  per  day  in  the  urine  with  a  50%  increase  when  ascorbic  acid 
is  administered.   Neither  agent  appears  to  affect  GI  iron  metabolism  but  com- 
plete data  are  available  on  only  one  patient  to  date. 

Significance  to  Biomedical  Research  and  Institute  Program:   Transfusional 
hemosiderosis  is  a  major  cause  of  morbidity  and  mortality  in  patients  re- 
quiring prolonged  transfusion  therapy.   The  role  of  iron  chelators  in  improving 
the  clinical  course  of  these  patients  must  be  ascertained. 

Proposed  Course  of  Project:   This  project  will  be  continued  until  a  suitable 
iron  chelator  is  found  and  evaluated  or  until  the  need  for  transfusion  in 
thalassemia  and  other  congenital  hemolytic  anemias  is  removed. 

Honors  and  Awards:  None 

Publications :  None 
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1.  Molecular  Hematology  Branch 

2.  Bethesda,  Maryland 

PHS-NHLI 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Cardiac  Hemolytic  Anemia. 

Previous  Serial  Number:  None 

Principal  Investigators:      Arthur  W.  Nienhuis,  M.D. 

John  Brown,  M.D. 
Larry  Korash,  M.D. 

Other  Investigators:         Harvey  Gralnlck,  M.D. 

Roger  Aamodt,  M.D. 
Walter  Henry,  M.D. 

Cooperating  Units:  Cardiac  Surgical  Branch,  NHLI, 

Clinical  Pathology  Branch,  NIH  Clinical  Center 
Section  on  Total  Body  Counting,  Nuclear  Medicine  Department. 
Cardiology  Branch,  NHLI 

Project  Description 

Objectives:  The  objectives  of  this  study  are: 

1)  to  evaluate  various  parameters  of  hemolysis  as  to  their  usefulness  in 
measuring  hemolytic  rate  in  patients  with  cardiac  hemolytic  anemia, 

2)  to  determine  the  state  of  iron  balance  in  these  patients  when  on 
therapeutic  doses  of  oral  iron,  and 

3)  to  seek  ways  to  minimize  the  rate  of  hemolysis  in  patients  with  cardiac 
lesions,  or  prosthetic  valves. 

Methods:   Patients  are  admitted  to  the  Clinical  Center  for  the  following 
studies:  red  cell  chromium  survival,  carbon  monoxide  red  cell  survival,  iron 
absorption  and  urinary  iron  excretion.   Cardiac  output  is  estimated  with  the 
echocardiogram. 

Major  Findings:   Preliminary  results  are  as  follows: 

1)  Urinary  iron  excretion  is  increased  in  some  patients  as  the  hemoglobin 
level  is  raised  toward  normal.   This  finding  indicates  an  increased  re- 
quirement for  iron  supplementation  as  the  anemia  is  corrected. 

2)  The  rate  of  hemolysis  does  not  change  between  hematocrits  of  30  and  A0% 
in  most  patients,  although  in  certain  patients  with  hemocrits  belo^v  307' 
the  hemolytic  rate  is  decreased  when  the  hemoglobin  level  is  raised  by 
transfusion. 
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Significance  to  Biomedical  Research  and  Institute  Program;   Cardiac  hemolytic 
anemia  is  a  significant  complication  of  prosthetic  valve  replacement.   To 
maximize  the  clinical  benefit  of  this  surgical  procedure  to  these  patients 
efforts  must  be  made  to  minimize  the  severity  of  the  anemia. 

Proposed  Course  of  the  Project:   This  project  will  be  continued  under  the 
current  protocol  for  the  next  12-18  months. 

Honors  and  Awards:   None 

Publications :   None 


3aV 


Annual  Report  of  the 
Section  on  Molecular  Pharmacology 

Pulmonary  Branch 
National  Heart  and  Lung  Institute 
July  1,  1973  through  June  30,  1974 

The  most  readily  accessible  sites  for  the  pharmacological  control  of  smooth 
muscle  functions  In  airways  and  In  the  cardiovascular  system  are  neuromuscu- 
lar junctions  where  signals  are  transmitted  to  receptors  in  muscle  membrane 
by  chemical  agents.   The  goal  of  this  laboratory  is  to  describe  the  molecular 
events  associated  with  signal  processing  by  autonomlcally  innervated  tissues. 
In  order  to  focus  available  resources  on  the  more  central  problems,  research 
attention  has  been  directed  primarily  to  1)  mechanisms  for  the  maintenance 
of  those  trans-membrane  ion  gradients  which  permit  excitability  of  tissue, 
2)  studies  on  receptors  and  3)  physical  chemical  studies  of  the  reactions  of 
drugs  and  transmitters  with  their  target  blomolecules.   Since  the  Inclusion 
of  this  section  in  the  Pulmonary  Branch  In  late  1973,  some  preliminary  work 
on  pulmonary  pharmacology  has  been  undertaken. 

Ion  transport:   Ionic  gradients  across  the  membranes  of  most  cells  are  main- 
tained by  a  transport  system  that  utilizes  energy  from  ATP.   The  essential 
component  of  this  system  is  an  ATPase  that  requires  both  Na   and  id"  for  its 
activation.   In  the  process  of  activation,  the  ions  appear  to  be  translocated 
by  conformational  changes  in  the  membrane-bound  enzymes.   Earlier  reports 
have  documented  ion-dependent  conformational  changes  In  which  protein  sulf- 
hydryl  groups  are  either  exposed  to  or  protected  from  reacting  with  radio- 
active labeling  reagents.   Reagents  for  the  addition  of  spin-labeled  moieties 
or  of  cyanide  to  the  conformatlonally  mobile  sulfurs  are  available  or  have 
been  recently  synthesized  in  this  laboratory.   The  spin  labels  will  permit 
ESR  studies  of  mechanistically  significant  conformational  changes,  and  cyanyla- 
tlon  Is  expected  to  initiate  chain  breakage  at  peptide  bonds  adjacent  to  the 
mobile  sulfurs.   Since  both  of  these  studies  will  require  highly  purified 
enzymes,  most  of  the  last  year's  activity  has  been  devoted  to  screening  and 
adapting  methods  for  bulk  purification. 

Receptors  in  vascular  smooth  muscle;   Rabbit  aorta  offers  a  convenient  model 
system  in  which  the  effects  of  various  substances  on  both  the  pharmacological 
response  to  agonists  and  on  the  binding  of  labeled  agonists  to  tissue  can  be 
measured.   Studies  of  the  effects  of  the  reducing  agent,  dithiothreitol  (DTT) , 
on  Oeceptor  function  have  continued  to  unmask  interesting  species  and  tissue 
differences  in  receptor  response.   Thus  DTT  markedly  potentiates  the  response 
to  histamine  in  rabbit,  but  not  guinea  pig,  aorta.   It  increased  the  respon- 
siveness of  guinea  pig  trachea  to  all  agonists  but  depressed  the  responses 
of  aorta  to  KCl  and  norepinephrine  and  abolished  the  response  to  angiotensin. 
Experiments  to  date  indicate  that  nicotinic  cholinergic  receptors  are  much 
more  strongly  depressed  by  S-S  reduction  than  are  muscarinic  sites.   It  is 
hoped  that  studies  with  DTT  will  be  of  use  in  the  radioactive  labeling  of  re- 
ducible receptor  sites  with  SH-seeklng  reagents  and  in  the  design  of  specific 
receptor  antagonists. 

Binding  sites  for  catecholamines  in  membrane-containing  subcellular  frac- 
tions of  aorta  have  been  studied.   In  this  preparation  binding  by  surviving 
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compoaenCs  of  the  norepinephrine  uptake  system  in  nerve  endings  is  negligible, 
binding  by  a  nonspecific  catechol  binding  substance  (probably  COMT)  is  appre- 
ciable and  binding  of  oxidation  products  derived  from  MAO  appears  to  be  a 
minor  component.   In  the  presence  of  drugs  to  block  all  these  functions  plus 
DTT  to  stabilize  catecholamines,  the  highest  affinity  measurable  in  surviving 
binding  sites  has  an  apparent  Kd  of  about  1.3  x  10"^  M.   This  is  close  to  the 
apparent  affinity  constant  derived  from  biological  responses  of  Intact  aortas 
in  the  same  milieu  (0.5  x  10"6  M) ,  but  the  similarity  may  be  fortuitous, 
since  there  is  as  yet  no  evidence  for  optical  specificity  in  binding. 

Electron  spin  resonance  and  the  reaction  of  drugs  with  biomolecules;   Previous 
reports  have  described  the  evolution  of  electron  spin  resonance  as  one  of  the 
physical  techniques  most  useful  for  exploring  receptor  topography  in  optically 
opaque  systems.   A  search  for  spin- labeled  drugs  useful  for  the  study  of 
acetylcholine  binding  sites  on  purified  acetylcholine  receptor  substance  and 
acetylcholinesterase  from  Torpedo  californica  has  disclosed  that  hemicholin- 
ium  analogues  in  which  one  or  both  of  the  quaternary  nitrogens  bears  a  spin- 
labeled  piperidine  derivative  and  in  which  the  carbon  chain  contains  10 
methylene  groups  will  bind  to  these  isolated  receptors.   Spin- labeled  ana- 
logues of  biotin,  colchicine,  dichloroisoproterenol,  propranolol  and  cysteo- 
cholic  acid  have  been  synthesized  for  other  receptor  studies.   Studies  of  the 
binding  <f  spin- labeled  biotin  to  the  4  specific  sites  on  avidin  have  demon- 
strated the  feasibility  of  ESR  determinations  of  the  distances  between  adja- 
cent binding  sites.   Differences  in  the  spectra  exhibited  by  bound  biotin 
analogues  of  slightly  different  structure  suggest  that  the  technique  will 
provide  a  sensitive  probe  for  additional  topographical  details.   Electron 
spin  resonance  techniques  have  also  been  used  for  quantitative  studies  con- 
firming the  role  of  free  radical  intermediates  in  the  metabolism  of  halo- 
genated  hydrocarbons  by  liver. 

Studies  in  lung:   Studies  on  the  turnover  of  biogenic  an:iines  in  lungs  of 
Wistar  rats  were  undertaken  as  a  preliminary  to  anticipated  pharmacological 
studies.   Levels  of  both  histamine  and  serotonin  are  low  in  young  rats  but 
rise  to  5-17  ^g/g  and  7-9  llg/g  respectively  in  adults.   Although  turnover  is 
rapid  in  lungs  of  young  animals,  accumulation  of  the  amines  occurs  only  after 
storage  mechanisms  begin  to  appear  at  4-5  weeks  of  age.   Pharmacological  data 
Indicate  that  storage  sites  are  extraneuronal.   In  connection  with  these 
studies,  it  was  observed  that  aspirin  blocked  a  major  component  in  histamine 
metabolism,  the  conjugation  of  imidazole  acetic  acid  with  ribose.   This  may 
be  due  to  inhibition  of  ribose  synthesis. 

Methods  for  the  isolation  of  surfactant  from  rabbit  lung  and  for  the 
separation  of  apoproteins  from  the  lipoprotein  complex  have  been  developed. 
These  should  facilitate  testing  of  the  effects  of  drugs  on  the  synthesis  of 
specific  protein  components  of  surfactant.   One  drug  of  current  interest  is 
the  toxic  herbicide,  Paraquat,  which  in  man  and  rat  produces  a  delayed  pul- 
monary edema  that  has  been  suggested  as  an  animal  model  for  hyaline  membrane 
disease.   Paraquat  was  found  in  our  studies  this  year  not  to  influence  syn- 
thesis of  surfactant  lecithin  from  choline  and  is  known  from  other  studies 
not  to  influence  palmitate  incorporation.   Effects  on  protein  synthesis  re- 
main a  possible  mechanism.   Paraquat  was  also  found  to  inhibit  lung  acetyl- 
cholinesterase, but  only  at  concentrations  considerably  in  excess  of  those 
likely  to  be  attained  in  lung  after  ordinary  toxic  doses  of  the  drug. 
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Project  Description: 

Objectives:   The  Mg"*^- dependent ,  Na"*"  +  K*"- stimulated,  ouabain- inhib it- 
able  ATP  hydrolyzing  system  is  an  integral  part  of  the  active  transport 
mechanism  that  moves  cations  across  biological  membranes  against  electrical 
gradients.   The  enzjnne  is  a  lipoprotein  complex  which  is  itself  a  part  of  the 
cell  membrane.   The  goals  of  this  project  are  to  describe  the  molecular 
events  (presumably  reversible  changes  in  conformation  of  ATPase)  that  are 
associated  with  ion  transport  and  to  ascertain  those  structural  features 
which  enable  the  ionophoric  portions  of  the  system  to  distinguish  between 
sodium  and  other  monovalent  cations. 

Previously  this  laboratory  has  demonstrate  d  that  both  agents  that  act 
extracellular ly  and  those  which  act  intracellularly  alter  the  conformation 
of  a  single  protein  which  appears  to  traverse  the  whole  membrane.   Methods 
for  the  scission  of  this  molecule  into  polypeptide  chains  bearing  different 
components  of  the  transport  apparatus  are  being  designed  but  will  require 
considerable  purification  of  the  enzyme.   For  the  moment  emphasis  is  largely 
on  methods  for  bulk  purification. 

Methods  Employed;   The  outer  medulla  of  rabbit  kidney,  which  is  particu- 
larly rich  in  ion  transport  sites  associated  with  sodium  reabsorption,  has 
been  used  as  the  enzyme  source.   Purification  procedures  have  been  largely 
modifications  of  partially  successful  methods  published  by  Hart  and  Titus 
(J.  Biol.  Chem.  248:  4674,  1973),  Lane  et  al.  (J.  Biol.  Chem.  248:  7197, 
1973)  and  Jorgenson  (Methods  in  Enzymology  32 ,  in  press). 

Major  Findings:   We  have  found  that  the  NaK-ATPase  of  rabbit  kidney, 
which  is  labile  under  most  conditions  including  freezing,  can  be  preserved 
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at  CP    for  up  to  10  days  in  rabbit  serum.   This  makes  possible  the  use  of 
commercial  sources  of  rabbit  kidney  for  studies  of  large  scale  purification 
methods. 

Of  numerous  procedures  tested,  one  (Jorgenson)  Involving  membrane  diges- 
tion with  detergents  to  make  the  ATPase  the  heaviest  of  the  microsomal  parti- 
cles offers  the  most  promise  for  bulk  separations.   Several  American  labora- 
tories have  experienced  difficulties  with  such  procedures.   A  detailed  anal- 
ysis with  density  gradient  techniques  suggests  that  contamination  by  high 
density  inactive  particles  occurs  in  the  procedures  as  published. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  ionic  gradients  across  cell  membranes  are  maintained  by  this  cation 
transport  system.   These  gradients  are  a  prerequisite  for  all  cellular  func- 
tions involving  neuronal  conduction,  the  production  of  electrical  currents, 
the  excitability  of  muscle  and  nerve,  the  storage  of  neurotransmitters  that 
convey  impulses  from  nerve  to  smooth  muscle  and  the  bulk  transport  of  elec- 
trolytes.  Attempts  to  characterize  fully  the  enzymatic  basis  for  this  trans- 
port system  are  fundamental  to  an  understanding  of  the  regulatory  mechanisms 
of  the  cardiovascular  system.   Purification  and  characterization  of  this 
enzyme  system  would  permit  further  investigations  into  the  role  of  various 
drugs,  such  as  ouabain  and  other  cardiac  glycosides,  upon  this  enzyme  at  the 
molecular  level. 

Proposed  Course  of  Project:   Further  studies  will  focus  on  methods  to 
obtain  a  pure  enzyme  preparation  using  various  chromatographic  and  density 
gradient  procedures.   Subsequent  studies  will  attempt  to  recomblne  the  pro- 
tein components  and  phospholipids  to  determine  the  requirements  for  an  active 
enzyme  system  in  the  intact  membranes. 

Since  previous  studies  have  shown  that  certain  protected  sulfhydryl 
groups  on  the  major  protein  of  ATPase  can  be  exposed  by  Mg'*"''  and  ATP-dependent 
conformational  changes,  these  sites  can  be  labeled  by  spin- labeled  analogues 
of  N-ethylmaleimide  or  by  CN  using  2-nitro-5-thiocyanato-benzoic  acid.   With 
the  former  label,  electron  spin  resonance  techniques  may  be  useful  in  studying 
conformational  changes.   Since  cyanylation  by  the  latter  reagent  initiates 
chain  breakage  at  the  site  of  reaction,  the  patterns  of  polypeptide  fragments 
should  reflect  the  conformation  in  which  the  protein  exists  at  the  time  of 
reaction. 

Honors  and  Awards:        None 

Publications:  Hart,  W.M. ,  Jr.  and  Titus,  E.O.:   Sulfhydryl  groups 

of  sodium- potassium  transport  adenosine  triphos- 
phatase:  Protection  by  physiological  ligands  and 
exposure  by  phosphorylation.   J.  Biol.  Chem.  248: 
4674-4681,  1973. 
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Project  Description: 

Objectives:   Previously,  we  showed  that  dithiothreitol  (DTT,  Cleland's 
reagent),  an  agent  that  reduces  disulfide  bridges  to  sulfhydryl  groups, 
potentiated  responses  of  rabbit  aorta  to  histamine,  abolished  angiotensin- 
induced  contractions  but  only  slightly  depressed  those  to  norepinephrine, 
serotonin,  and  KCl  (Fleisch  ^  £1.  ,  Circulation  Res.  33:  284,  1973).   This 
suggested  a  primary  role  for  disulfide  bridges  in  the  histamine  and  angio- 
tensin receptor  systems  of  rabbit  aorta.   The  present  study  was  designed  to 
further  characterize  this  action  of  DTT  and  thereby  determine  the  relation- 
ship between  disulfide  bridges  and  drug  receptor  systems  in  smooth  (and 
skeletal)  muscle. 

Methods  Employed:   Spirally  cut  strips  of  rabbit  and  guinea  pig  thoracic 
aorta  and  rat  and  guinea  pig  trachea  were  prepared  by  the  methods  of  Furch- 
gott  and  Bhadrakom  (J.  Pharmacol.  Exp.  Ther.  Ill:  265,  1954)  and  Patterson 
(J.  Allergy  29:  165,  1958).   Frog  rectus  abdominus  muscle  was  set  up  as  out- 
lined by  Perry  et  al.    (Pharmacological  Experiments  on  Isolated  Preparations, 
E  &  S  Livingstone  Ltd,  Edinburgh,  1968).   Tissues  were  subjected  to  various 
concentrations  of  DTT  for  different  times.   The  responses  to  a  variety  of 
pharmacologic  agents  was  measured  before  and  after  treatment  with  DTT.   Dose- 
response  curves  were  analyzed  to  determine  whether  apparent  affinity  for  the 
drug  or  the  apparent  number  of  receptor  sites  was  altered  by  the  reducing 
agent. 

o    

Major  Findings:   3  x  10"   M  DTT  produced  maximal  potentiation  of  the 

response  to  histamine  in  rabbit  aorta.   Exposure  for  periods  of  15  min  to 

1  hour  gave  similar  results.   Equimolar  concentrations  of  oxidized  r.-TT>  which 

cannot  reduce  disulfide  bridges,  did  not  alter  responses  to  histamine  or 
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angiotensin.   Alsot  reduced  glutathione  did  not  influence  responses  to  these 
agonists.   On  guinea  pig  aorta,  DTT  abolished  angiotensin- induced  contrac- 
tions, depressed  responses  to  KCl  and  norepinephrine  but  did  not  potentiate 
responses  to  histamine.   Comparison  of  Kg  and  pA2  values  for  the  specific 
histamine  antagonist,  pyrilamine,  in  guinea  pig  and  rabbit  aorta  indicated 
that  histamine  receptors  in  the  vessels  from  these  two  species  may  be  differ- 
ent.  DTT  increased  the  responsiveness  of  guinea  pig  trachea  to  all  agonists. 
Finally,  10"   M  DTT  only  slightly  depressed  the  response  of  the  rat  trachea 
to  carbachol.   However,  treatment  of  frog  rectus  abdominis  muscle  with  DTT 
resulted  in  a  moderate  depression  of  the  response  to  carbachol. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  finding  that  reduction  of  disulfide  bridges  altered  vascular  responsive- 
ness to  histamine  and  angiotensin  indicates  the  importance  of  this  molecular 
grouping  in  these  receptor  systems.   Furthermore,  the  data  suggest  a  greater 
Importance  of  the  disulfide  bridge  in  nicotinic  cholinergic  receptor  activ- 
ity than  in  muscarinic  cholinergic  receptor  activity.   This  study  has  shown 
that  the  use  of  site  specific  agents  coupled  with  the  determination  of  appar- 
ent dissociation  constants  of  receptor- inhibitor  complexes  can  be  of  value 
in  characterizing  drug  receptor  systems  In  smooth  and  skeletal  muscles. 
Such  characterizations  will  aid  in  the  development  of  new  drugs  capable  of 
interacting  with  pharmacologic  receptor  systems  in  specific  tissues  and 
without  the  usual  multiple  sites  of  action. 

Proposed  Course  of  Project;   It  is  our  Intention  to  combine  biochemical 
and  pharmacologic  technique  s  in  the  hope  of  characterizing  drug  receptor 
systems  In  smooth  and  skeletal  muscles.   Quantitative  studies  of  the  effects 
of  group  specific  reagents  exemplified  here  by  DTT  on  pharmacological  respons- 
es will  be  compared  with  quantitative  measurements  of  their  effects  on  bind- 
ing of  pharmacological  agents  to  various  membrane  fractions.   The  effects  of 
llgands  on  drug- induced  changes  In  conformation  of  membrane  components  will 
also  be  measured  insofar  as  that  is  possible  with  present  techniqie  s. 

Honors  and  Awards:        None 

Publications:  Fleisch,  J.H. ,  Kent,  K.M. ,  and  Cooper,  T. :   Drug 

receptors  in  smooth  muscle.   In  Austen,  K.F.  and 
Llchtenstein,  L.M.  (eds.):   Asthma;   Physiology, 
Immunopharmacology ,  and  Treatment.   New  York, 
Academic  Press,  1973,  pp.  139-167. 

Fleisch,  J.H.  and  Titus,  E.;   Effect  of  local  anes- 
thetics on  pharmacologic  receptor  systems  In 
smooth  muscle.   J.  Pharmacol.  Exp.  Ther.  186:  44- 
51,  1973. 

Fleisch,  J.H.,  Krzan,  M.C.,  and  Titus,  E. :   Pharma- 
cologic receptor  activity  of  rabbit  aorta:   Effect 
of  dlthiothreltlol  and  N-ethylmalelmide.   Circ.  Res. 
33:  284-290,  1973. 
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Project  Description: 

Objectives:   There  is  convincing  evidence  that  macromolecules  in  tissue 
membranes  are  receptors  for  catecholamines  and  other  agonists  active  on 
smooth  muscle.   Efforts  to  isolate  such  receptors  have  centered  on  the  frac- 
tionation of  high  molecular  weight  lipoprotein  complexes  according  to  their 
ability  to  bind  the  agonist  Jji  vitro.   Putative  adrenergic  binding  substances 
have  been  isolated  from  microsomal  fractions  of  turkey  erythrocytes 
(Bilezikian,  J.  Biol.  Chem.  249:  157,  1974)  and  canine  myocardium  (Lefkowitz 
^  al. ,  J.  Biol.  Chem.  248:  342,  1973)  and  from  "proteolipids"  of  splenic 
capsular  muscle  (Fiszer  de  Plazas,  Biochim.  Biophys.  Acta  266:  246,  1972), 
but  none  of  these  have  shown  that  ability  to  distinguish  between  d  and  1 
optical  isomers  which  should  characterize  a  genuine  recognition  site.   With 
the  exception  of  the  canine  myocardial  substance,  which  appears  to  be  assem- 
bled from  SH-containing  subunits  of  about  44,000  daltons,  the  protein  com- 
ponents of  the  binding  material  are  not  well  characterized. 

This  study  attacks  the  problem  of  receptor  characterization  by  several 
routes.   First  is  the  analysis  by  conventional  Scatchard  plots  of  the  bind- 
ing of  radioactive  catecholamines  and  other  agonists  to  subcellular  fractions 
considered  most  likely  to  harbor  agonist  recognition  sites,  i.e.  various 
microsomal,  membrane  and  proteolipid  fractions.   Secondly,  it  is  postulated 
that  reactive  groups,  e.g.  SH,  NH,  COOH,  phenols,  on  specific  proteins  associ- 
ated with  receptors  in  intact  tissue  will  become  more  or  less  accessible  for 
reaction  with  radioactive  labeling  reagents  as  occupancy  of  the  receptor 
alters  its  conformation.   If  this  is  true,  the  use  of  highly  radioactive 
reagents  and  subsequent  fractionation  of  the  individual  proteins  by  gel  elec- 
trophoresis should  permit  the  identification  of  receptor  proteins.   Finally, 
the  effects  of  the  labeling  reagents  on  the  pharmacological  responses  of 
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intact  tlsaues  to  various  agonists  will  be  monitored.   Since  receptors  are 
operationally  defined  in  terms  of  the  mechanical  response  of  a  multicompdneiu 
system.  It  Is  difficult  to  prove  the  Identity  of  a  recognition  site  by  Indi- 
rect means.  This  will  require  the  demonstration  that  labeling  techniques, 
binding  studies  and  immunochemical  tests  all  Identify  the  same  proteins  in 
membranes  known  to  contain  receptors. 

Methods  Employed:   Microsomal  fractions  were  prepared  from  rabbit  aorta 
by  differential  centrifugation,  incubated  with  ^H-(L-)  norepinephrine  or  ^H- 
histamine  and  collected  on  mllllpore  filters  for  determination  of  bound 
radioactivity. 

Proteoliplds  were  prepared  by  homogenizing  aortas  in  chloroform-methanol, 
washing  the  filtered  solution  with  water  and  evaporation  in  vacuum. 

Rabbit  aortic  strips  were  prepared  for  pharmacological  studies  according 
to  Furchgott  and  Bhadrakom  (J.  Pharmacol.  Exp.  Ther.  108:  129,  1953). 

Major  Findings:   The  interaction  of  ^H-L- norepinephrine  with  a  micro- 
somal fraction  from  rabbit  aorta  is  heterogeneous  and  involves  binding  to  both 
high  and  low  affinity  sites.   A  time-dependent  portion  of  the  binding  may  be 
due  in  part  to  oxidation  by  monoamine  oxidase  and  interaction  of  the  aldehydic 
intermediate  with  protein.   Since  electron  microscopy  showed  aortic  microsomes 
to  be  a  nearly  homogeneous  population  of  spherical  vesicles,  diffusion  into 
such  vesicles  presumably  contributes  to  the  time- dependent  component  of  up- 
take.  At  low  concentrations  (2  x  10~  M)  of  norepinephrine,  binding  by  high 
affinity  sites  predominates.   Since  cocaine  (1  x  10'^  M) ,  an  inhibitor  of 
norepinephrine  uptake  by  sympathetic  nerve  endings,  did  not  significantly 
affect  the  binding  of  2  x  10~  M  norepinephrine,  presynaptic  catecholamine 
binding  sites  apparently  do  not  survive  isolation  of  the  aortas  and  prepara- 
tion of  the  microsomal  fraction.   Fargyllne  (1  x  10"  M) ,  an  Irreversible 
inhibitor  of  monoamine  oxidase,  decreased  binding  by  8.47L  and  tropolone 
(1  x  10"  M),  a  competitive  inhibitor  of  catechol-O-methyltransf erase,  caused 
an  80/L  decrease.   Intact  aortas  in  the  presence  of  all  three  drugs  remain 
fully  responsive  to  norepinephrine,  but  dose-response  curves  are  shifted 
toward  higher  agonist  concentrations  by  dithiothreltol  (DTT) ,  which  is  used  to 
prevent  auto-oxidation  of  catecholamines  in  the  binding  studies.   In  the  ideal- 
ized situation,  i.e.  if  the  contractile  response  were  directly  proportional 
to  the  fraction  of  total  receptors  occupied,  the  observed  ED50  of  4.8  x  10"'  M 
norepinephrine  would  be  numerically  equal  to  the  dissociation  constant,  Kq, 
of  the  receptor  agonist  concentration.   It  is  of  interest  that  a  Scatchard 
plot  obtained  in  the  presence  of  all  three  inhibitors  plus  DTT  Identified  a 
site  of  comparable  Kq  (1.3  x  10"^)  in  the  microsomal  preparation.   The  sig- 
nificance of  this  site  remains  uncertain,  since  unlabeled  ^-norepinephrine 
(physiologically  inactive)  and  the  1-form  were  equally  effective  in  competing 
for  the  site  at  which  radioactivity  was  bound. 

Proteolipld  fractions  prepared  from  aortas  by  methods  analogous  to  those 
used  for  the  isolation  of  narcotic  receptors  from  brain  have  been  separated 
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into  lipid  and  apoprotein  fractions.   The  latter  contain  4  major  proteins, 
separable  by  gel  electrophoresis. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
a-   and  /5-Adrenergic  mechanisms  are  important  in  the  neuromuscular  systems 
governing  circulation  and  the  action  of  airway  smooth  muscle  in  lung. 
Although  there  is  good  evidence  that  adrenergic  agonists  stimulate  transi- 
tory changes  in  ion  permeability  and  Initiate  the  Intracellular  synthesis  of 
cyclic  nucleotides,  essentially  nothing  is  known  of  those  macromolecules  in 
membrane  which  participate  in  these  functions. 

Proposed  Course  of  Research:   Efforts  to  find  catecholamine  binding  sites 
specific  for  the  1- isomers  of  epinephrine  or  norepinephrine  will  be  continued 
with  subcellular  preparations  from  adrenergically  innervated  tissues. 

Efforts  to  detect  inhibition  or  enhancement  by  catecholamines  and  hist- 
amine of  the  reaction  of  membrane-bound  proteins  with  radioactive  labeling 
reagents  will  continue.   Radioactive  N-ethylmaleimide  is  being  used  to  label 
SH  groups.   Preliminary  studies  on  the  activation  of  membrane  CO<M   groups  by 
ethyl-2-ethoxy-N-carboxy  methyl  dihydroquinoline  and  subsequent  labeling  of 
the  activated  site  by  radioactive  nucleophiles  have  started.   Similar  studies 
with  radioactive  diazotized  sulfanilic  acid  are  contemplated. 

Honors  and  Awards:        None 

Publications:  None 
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Objectives:   Avidin  is  a  tetrameric  protein,  found  in  raw  egg  white, 
that  binds  four  molecules  of  blotln  (vitamin  H) .   The  topography  and  spatial 
relationship  of  these  binding  sites  have  been  studied  using  spin-labeled 
blotln  analogs. 

Methods  Employed:   Avldln  was  purchased  from  a  commercial  source  and 
purified  by  column  chromatography  over  carboxymethylcellulose  (Blochem.  J. 
118:  67,  1970). 

The  preparation  of  the  spin- labeled  blotln  analogs  (I- III)  is  described 
in  an  accompanying  report. 


;t^a 


-(CH2)4C0R 


I  =   R  =  -HN 


II  =   R  =  -HN 


III  =   R  =  -HN-CH2 


-0» 


Serial  No.      NHLI-IQO 

Electron  spin  resonance  (ESR)  measurements  were  made  with  a  Varlan  E-4 
spectrometer. 

Major  Findings:   When  I  is  added  to  avldin  in  a  molecular  ratio  of  1:1, 
the  ESR  spectrum  of  the  spin  label  becomes  broad  and  asymmetric.   The  ESR 
spectrum  of  the  1:1  complex  exhibits  a  tioe-dependent  change  which  is  complete 
in  about  1  hr.   At  that  time  the  ESR  spectrum  is  that  of  a  highly  immobilized 
spin  label  with  a  splitting  of  69  G  between  high  and  low  field  extrema.   When 
all  four  sites  of  avidln  are  occupied  by  I,  the  ESR  spectrum  shows  evidence 
for  dipole-dlpole  Interactions  between  closely  located  spin  labels.   This 
observation  confirms  the  previous  work  of  Green  and  co-workers  (Biochem.  J. 
125;  781,  1971),  who  have  reported  that  the  binding  sites  on  avidln  are 
arranged  in  two  sets  of  pairs. 

Careful  analysis  of  the  ESR  spectrum  of  the  4:1  complex  Indicates  that 
30%  of  the  spin  labels  do  not  interact  with  their  neighbors.   One  possible 
explanation  for  this  result  is  that,  at  each  avldin  binding  site,  the  piperi- 
dlne  ring  of  I  can  interact  with  two  possible  accessory  sites  and  that  at  only 
one  of  these  sites  is  the  nitroxide  group  of  I  close  enough  to  its  neighbor  to 
give  rise  to  a  dipole-dlpole  Interaction. 

The  addition  of  a  large  excess  of  blotin  to  a  4: 1  complex  of  I  and  avldin 
results  in  the  displacement  of  about  half  of  the  bound  spin  labels  in  about 
1  hr.   The  ESR  spectrum  of  the  remaining  labels  does  not  change  any  further 
over  a  period  of  several  days.   ESR  measurements  Indicate  that  the  remaining 
molecules  of  I  are  bound  to  sites  that  are  adjacent  to  sites  occupied  by  blo- 
tin.  Thus  it  would  appear  that  when  I  occupies  adjacent  sites  an  energetically 
unfavorable  situation  occurs  which  can  only  be  relieved  by  the  dissociation  of 
one  of  the  labels.   The  time-dependent  change  of  the  1:1  complex  confirms  this 
Interpretation. 

Spectral  calculations  suggest  that  when  I  is  bound  to  adjacent  sites  the 
nitroxide  groups  are  separated  by  about  16  A.   In  contrast,  blotin  labels  II 
and  III  are  separated  by  16.5  A   and  15.5  A,  respectively.   This  result  is 
somewhat  puzzling,  since  the  extra  methylene  group  in  III  should  permit  the 
nitroxide  radical  to  move  further  away  from  its  neighbor.   One  possible  explana- 
tion is  the  pyrrolidine  rings  bind  to  subsidiary  sites  between  the  main  blotin 
binding  sites.   Under  these  conditions  the  extra  methylene  group  of  III  may 
permit  the  nitroxide  groups  of  adjacent  spin  labels  to  come  closer  together. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
Spin- labeled  analogs  of  drugs  and  physiologically  important  ligands  can  pro- 
vide useful  information  on  the  topography  of  receptors  and  other  binding  pro- 
teins.  The  avidln  system  is  the  first  in  which  it  has  been  possible  to  esti- 
mate molecular  distances  using  the  ESR  technique  and  spin  label.   A  better 
knowledge  of  binding  site  topography  should  make  it  possible  to  design  more 
specific  drug  molecules. 

Proposed  Course:   The  topography  of  biotln  binding  sites  will  be  further 
explored  by  means  of  other  biotln  analogs  in  which  the  chain  separating  the 
spin  label  and  biotln  is  progressively  increased. 
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Objectives:   To  study  the  topography  of  acetylcholinesterase  and  the 
acetylcholine  receptor  protein  isolated  from  Torpedo  by  means  of  spin-labeled 
inhibitor  ligands. 

Methods  Employed:   Acetylcholinesterase  was  isolated  from  the  electroplax 
of  Torpedo  californica  by  Dr.  Taylor  according  to  published  procedures  (Mol. 
Pharmacol.  ^0:  78;  ibid  ^0:  93,  1974).   The  cholinergic  receptor  was  isolated 
by  Dr.  Taylor  according  to  the  procedure  of  Schmidt  and  Raftery  (Biochemistry 
22:  852,  1973). 

The  following  spin-labeled  ligands  were  prepared  by  previously  reported 
procedures  (J.  Med,  Chem.  JJ:  876,  1972). 
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Electron  spin  resonance  measurements  were  made  with  a  Varlan  E-4  spec- 
trometer equipped  with  a  quartz  aqueous  sample  cell. 

Acetylcholinesterase  activities  were  determined  using  the  pH-stat  tech- 
nique and  a  Radiometer  pH  meter  (Mol.  Pharmacol.  J^:  78,  1974). 

Ma.jor  Findings:   Spin  labels  I  and  II  were  very  poor  inhibitors  of  acetyl- 
cholinesterase.  The  rate  of  enzyme  carbamoylation  by  label  I  was  very  much 
slower  than  that  shown  by  neostigmine.   In  contrast,  spin  labels  III  and  V 
were  very  effective  inhibitors  of  acetylcholinesterase.   Since  III  and  V  were 
more  active  than  the  parent  drug  decamethonium,  it  would  appear  that  the 
plperldlne  rings  stabilize  binding  to  the  enzyme.   The  lower  affinity  exhihitud 
by  the  hexamethonlum  analog  IV  is  consistent  with  its  structure.   The  in  j'  J  .  ..  v 
of  spin  label  VI  to  inhibit  acetylcholinesterase  is  surprising,  since  the  spa 
tlal  relationship  of  the  two  terminal  quaternary  amino  groups  is  about  the  sfir>p 
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as  In  decamethonlum.   At  the  present  time,  we  cannot  offer  any  reasonable 
explanation  for  the  low  Inhibitory  potency  of  this  analog. 

Table  I 

Inhibition  of  Torpedo  acetylcholinesterase  by  spin- labeled  llp,ands+ 

Inhibitor  I50 

(M  X  106) 

I  100 

II  100 

III  1 

IV  10 

V  1 

VI  * 

Decamethonlum  6 

*  No  Inhibition  observed  at  5  x  10"^  M. 

+  Solutions  contained  0,1  M  NaCl,  0.04  M  MgCl2  and  0.01  M  Trls-HCl, 
pH  8.0. 

ESR  studies  did  not  detect  any  interaction  between  spin  labels  I,  II 
and  VI  and  Torpedo  acetylcholinesterase.   In  contrast,  the  ESR  spectrum  of 
III  became  highly  broadened  and  asymmetric  in  the  presence  of  the  enzyme. 
The  splitting  of  about  69  G  between  the  low  and  high  field  extrema  of  III 
indicated  that  the  drug  was  highly  Immobilized.   The  ESR  spectrum  indicated 
the  presence  of  a  single  bound  component  which  suggests  that  both  ends  of 
III  are  firmly  anchored  to  the  enzyme.   Spin  label  V  showed  a  similar  spec- 
trum in  the  presence  of  acetylcholinesterase. 

Preliminary  ESR  studies  with  the  cholinergic  receptor  from  Torpedo  failed 
to  detect  any  interaction  with  the  above  spin  labels.   It  seems  possible  that 
the  preparation  may  have  lost  activity  during  shipping.   This  possibility  is 
now  being  checked  by  assaying  the  preparation  for  its  ability  to  bind  toxin. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Acetylcholinesterase  provides  a  very  useful  model  system  in  which  to  study 
the  molecular  basis  for  drug-receptor  interactions.   The  enzyme  is  func- 
tionally important,  since  it  is  responsible  for  the  hydrolysis  of  acetyl- 
choline that  diffuses  away  from  the  receptor  surface. 

Proposed  Course;   Spin- labeled  analogs  of  propidium  iodide  will  be  pre- 
pared, since  it  is  known  that  this  inhibitor  binds  at  a  different  site  to  that 
occupied  by  decamethonlum.   ESR  studies  with  labels  III  and  V  will  be  extended 
to  chemically  modified  acetylcholinesterase  in  which  the  catalytic  serine  has 
been  sulfonylated  and  phosphorylated.   Studies  with  V  should  be  of  particular 
Interest,  since  it  should  be  possible  to  determine  whether  the  nitroxide  is 
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binding  at  the  catalytic  or  the  peripheral  anionic  site.   Spin  labels  III  and 
V  should  also  prove  useful  for  examining  the  association  of  acetylcholines- 
terase with  membranes.   Orientation  studies  may  also  be  possible  if  the  mem- 
brane can  be  oriented  in  the  magnetic  field  of  the  spectrometer. 

ESR  measurements  with  the  cholinergic  receptor  will  be  repeated  in  prepa- 
rations with  known  binding  activities. 

Honors  and  Awards:        None 

Publications:  None 
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Objectives:   It  has  been  postulated  that  CCI4  is  metabolized  by  liver 
microsomes  to  give  free  radical  species  (-CCls  and  'CI)  which  are  thought  to 
be  responsible  for  the  hepatotoxiclty  of  this  compound  (Free  Radical  Mechanims 
in  Tissue  Injury,  T.F.  Slater,  Plon  Ltd,  London,  1972).   The  high  chemical 
reactivity  of  these  free  radical  intermediates  makes  detection  at  room  tempera- 
ture very  difficult.   It  is  known,  however,  that  stable  free  radical  nitroxides 
can  trap  these  reactive  Intermediates  and  that  in  doing  so  they  become  dia- 
magnetic.   We  therefore  proposed  to  study  the  formation  of  free  radical  inter- 
mediates during  the  metabolism  of  CCI4  and  other  halogenated  methanes  by  rat 
liver  microsomes  by  following  the  destruction  of  the  electron  spin  resonance 
(ESR)  signal  from  probe  molecules  (I  -  IV)  containing  the  nltroxlde=group. 
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Methods  Employed;   Rat  liver  microsomes  were  prepared  from  male  Sprague- 
Dawley  rats  that  had  been  pretreated  with  phenobarbltal  (80  mg/kg)  for  5  days. 
Electron  spin  resonance  measurements  were  made  with  a  Varlan  E-4  spectrometer. 
The  spin  labels  were  either  synthesized  or  purchased  from  a  commercial  source. 

Major  Findings;   Spin  labels  I  and  II,  which  are  known  to  partition  into 
membrane  systems,  were  rapidly  destroyed  In  the  presence  of  rat  liver  micro- 
somes and  TPNH,   No  loss  in  ESR  signal  was  observed  when  TPNH  was  omitted 
from  the  incubation  medium.   The  rapid  metabolism  of  I  and  II  made  them  unsuit- 
able for  use  as  probes  of  free  radical  species  generated  during  the  metabolism 
of  halogenated  methanes.   In  contrast  to  I  and  II,  spin  labels  III  and  IV 
were  not  metabolized  by  rat  liver  microsomes  in  the  presence  of  TPNH.   How- 
ever, when  CCl3Br  was  added  to  the  microsomes,  the  ESR  spectrum  of  III  de- 
creased with  t%  of  8-10  min.   Spin  label  IV  had  a  t%  of  3-4  min  after  the 
addition  of  CCl3Br.   No  change  in  the  ESR  signals  of  III  and  IV  was  observed 
in  the  absence  of  TPNH.   The  rate  of  destruction  of  IV  in  the  presence  of 
CCIa  was  much  slower,  while  the  addition  of  CHCI3  did  not  result  in  the  loss 
of  ESR  signal  from  IV. 

Since  III  is  a  charged  molecule,  it  is  unlikely  that  it  can  penetrate 
into  the  microsomes.   It  seems  likely,  therefore,  that  the  loss  of  ESR  signal 
in  the  presence  of  CCl3Br  is  probably  due  to  reaction  of  III  with  secondary 
free  radicals  generated  during  the  lipid  peroxidation  which  follows  the  me- 
tabolism of  CCl3Br.   Other  studies  have  shown  that  label  IV  is  located  in  the 
fluid  hydrocarbon  interior  of  membranes.   The  rapid  response  of  this  label  to 
the  addition  of  CClsBr  suggests  that  it  may  indeed  be  detecting  the  formation 
of  the  primary  CCI3  free  radical.   This  conclusion  is  further  substantiated 
by  the  finding  that  label  IV  inhibits  the  covalent  binding  of  l*CCl3Br  to 
rat  liver  microsomes. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Halogenated  hydrocarbons  are  extensively  used  as  solvents  in  many  industrial 
processes.   It  is  therefore  Important  to  understand  the  mechanism  whereby 
these  compounds  exert  their  toxic  side  effects. 

Proposed  Course:   The  interaction  between  spin  label  IV  and  othe  halo- 
genated hydrocarbons  will  be  examined. 
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Project  Description: 

Objectives;   Lung  surfactant  is  a  lipoprotein  which  reduces  the  surface 
tension  of  the  lung  surface  thereby  preventing  the  collapse  of  this  organ. 
This  study  was  undertaken  to  determine  the  molecular  structure  of  rabbit  lung 
surfactant. 

Methods  Employed:   Lung  surfactant  was  isolated  from  a  rabbit  lung  lavage 
by  differential  centrifugation  followed  by  density  gradient  centrifugatlon  on 
NaBr  gradients  (Am.  J.  Physiol.  223:  707,  1972). 

Major  Findings:   Surfactant  lipoprotein  isolated  from  rabbit  lungs  was 
successfully  delipldated  by  treatment  at  -20°  with  ether: ethanol  (3:1).   The 
apoprotein,  comprising  about  lOZ  of  the  total  surfactant,  was  water  insoluble 
but  could  be  solubilized  in  solutions  containing  0.17.  sodium  dodecyl  sulfate. 
When  run  over  a  Sephadex  &-150  column  in  the  presence  of  detergent,  two  peaks 
were  obtained,  one  of  which  corresponded  to  the  void  volume.   Disc  gel  electro- 
phoresis of  the  second  fraction  over  107L  polyacrylamide  gels  indicated  that 
the  major  component  of  rabbit  lung  surfactant  was  a  protein  with  a  molecular 
weight  of  about  10,000  daltons.   Other  proteins  also  present  have  not  yet  been 
identified. 

glgniflcance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Since  lung  surfactant  plays  an  Important  role  in  lung  physiology,  it  is  impor- 
tant to  know  how  the  structure  of  this  macromolecule  is  related  to  its  func- 
tion.  Such  knowledge  will  then  permit  studies  of  alteration  of  lung  surfac- 
tant in  disease  states  and  after  exposure  to  environmental  pollutants,  such 
as  ozone,  NO2  and  SO2. 
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Proposed  Course;   The  reassociatlon  of  the  lipoprotein  with  purified 
lipid  fractions  will  be  studied.   The  effect  of  oxidant  pollutants  and  para- 
quat on  the  structure  and  properties  of  lung  surfactant  will  also  be  investi- 
gated. 

Honors  and  Awards:        None 

Publications:  None 
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Project  Description: 

Objectives;   To  synthesize  analogs  of  drugs  and  other  llgands  for  elec- 
tron spin  resonance  studies  of  drug  macromolecule  Interactions. 

Methods  Employed;   The  reaction  used  to  prepare  the  spin  labels  have  been 
previously  described  (J.  Med.  Chem.  15;  876,  1972). 

Major  Findings;   The  following  spin-labeled  llgands  have  been  synthesized: 

1)  For  studies  on  the  topography  of  blotln  binding  sites  on  egg  white 
avldln,   the  following  analogs  of  blotln  have  been  synthesized: 
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2)  For  studies  on  the  active  site  of  acetylcholinesterase  and  the  acetyl- 
choline receptor,  the  following  analogs  of  hexamethonlum  and  decamethonium 
have  been  synthesized; 
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3)  For  studies  of  the  colchicine  binding  sites  on  brain  microtubule 
protein,  the  following  analog  of  desacetylthlocolchlclne  has  been  synthesized: 


NH— CO 
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4)  For  studies  of  the  jj-receptor  In  fat  cells  and  turkey  erythrocytes, 
analogs  of  dlchloroisoproterenol  and  propranolol  have  been  synthesized: 
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5)  For  studies  of  nucleic  acids,  the  following  analog  of  pritnaquine  has 
been  synthesized: 
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6)  For  use  in  a  spin- Immunoassay  for  chollc  acid,  the  following  analog 
of  cysteochollc  acid  has  been  prepared: 


HO  CR^y"^   CONH 


—  CH CONH-<     ^-0- 


SO3H 
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The  results  obtained  with  these  Individual  spin  labels  are  described 
separately. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
Spin  labels  are  useful  tools  for  studying  the  topography  of  combining  sites 
from  binding  proteins,  enzymes  and  receptors.    Once  the  binding  site  for  a 
given  drug  has  been  characterized.  It  is  possible  to  design  therapeutic  agents 
with  greater  specificities. 

Proposed  Course;   Spin-labeled  analogs  of  drugs  and  other  Uganda  will  be 
synthesized. 
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Project  Description: 

Oblectives;   The  infantile  distress  syndrome  or  hyaline  membrane  dis- 
ease of  newborn  infants  has  been  an  important  problem  in  pulmonary  toxicity. 
Pharmacologic  studies  with  Paraquat,  a  widely  used  herbicide,  have  suggested 
the  possible  use  of  this  compound  to  produce  an  animal  model  of  this  syndrome 
(Manktelow,  Brit.  J.  Exp.  Pathol.  48:  366,  1967).   The  major  features  of 
Paraquat  toxicity  are  respiratory  distress  and  pulmonary  edema.   Some  investi- 
gators have  noted  a  decrease  in  the  major  component  of  surfactant,  dipalmi- 
toyl  lecithin.  Other  groups  could  not  confirm  this  finding. 

Another  suggested  mechanism  of  toxicity  is  evident  from  a  comparison  of 
the  structure  of  Paraquat  to  that  of  acetylcholinesterase  inhibitors,  such  as 
decamethonium  bromide  &hexamethonlum  chloride  (Froede  and  Wilson,  The  Enzymes, 
vol.  V,  ed.  by  Boyer,  p.  87,  1971,  Academic  Press). 


CH3N    ^\ (f        NCH3   .2Cl" 

Paraquat 
+       + 
(CH3)3N-(CH2)6-N(CH3)3    ..2Cl" 

Hexamethonlum  chloride 
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Cholinergic  agonists,  such  as  acetyl-iS-methylchollne  and  pilocarpine 
produce  pulmonary  edema  so  that  It  Is  conceivable  that  a  prolonged  increase 
In  the  amount  of  acetylcholine  in  the  lung  could  occur  and  cause  edema  due 
to  the  retention  of  Paraquat  in  this  organ. 

Some  features  of  Paraquat  toxicity  resemble  those  of  oxygen  or  ozone 
poisoning.   Plant  toxicity  has  been  ascribed  to  the  hydrogen  peroxide  formed 
after  Paraquat  administration,  since  it  is  necessary  to  have  oxygen  present 
for  plant  death  to  occur  from  Paraquat.   Ultraviolet  light  and  chloroplasts 
act  on  Paraquat  to  produce  a  free  radical  which  subsequently  reacts  with  oxy- 
gen to  produce  hydrogen  peroxide.   Thus  it  is  the  oxidation  stage  rather 
than  the  free  radical  ion  that  produces  the  phytotoxic  product. 

Methods  Employed;   The  formation  of  dlpalmltoyl  lecithin  from  radio- 
active precursors  was  assessed  by  extraction  of  phospholipid  from  incubation 
mixtures  with  conventional  solvent  extraction  procedures.   The  extracted 
lipid  was  fractionated  by  thin  layer  chromatography  on  silica  gel  with  a 
chloroform-methanol-acetate  buffer  system,  and  the  radioactivity  in  Individual 
fractions  was  determined. 

The  acetylcholinesterase  activity  of  lung  homogenates  was  studied  using 
acetylthiocholine  iodide  as  a  substrate  and  5,5'  dithlobls  (2-nitrobenzoic 
acid)  as  a  color  reagent  (Ellman  £t  £l. ,  Biochem.  Pharmacol.  7.'    ^^>  1961) 
for  the  estimation  of  liberated  thlocholine. 

Major  Findings;   The  effects  of  Paraquat  on  the  formation  of  dlpalmltoyl 
lecithin  were  assessed  in  vitro  by  the  incubation  of  rat  lung  homogenates  with 
ATP,  CTP,  dlpalmitln  and  choline-   C.   The  product,  dlpalmltoyl  lecithin,  was 
Isolated  by  thin  layer  chromatography.   No  difference  in  the  incorporation 
of  radiolabel  could  be  seen  between  control  Incubations  and  incubations  with 
amounts  of  Paraquat  up  to  5  x  10~  M.   Other  investigators  have  found  no 
effect  of  Paraquat  upon  the  ^n  vivo  incorporation  of  palmitic  acid-^^  into  dl- 
palmltoyl lecithin  in  rat  lungs.   Thus,  it  would  seem  that  synthesis  of  this 
phospholipid,  which  makes  up  90%  of  the  surfactant  material,  is  not  affected. 

In  another  series  of  experiments,  the  effects  of  Paraquat  on  the  activity 
of  acetylcholinesterase  in  rat  lung  homogenates  were  measured.   Using  several 
substrate  concentrations  and  6  Paraquat  concentrations,  it  was  determined  by 
the  method  of  Dixon  (Dixon  and  Webb,  second  ed.,  p.  329)  that  Paraquat  was  a 
competitive  inhibitor  of  this  enzyme  with  a  K^   of  the  order  of  2.5  x  10"3  M. 
A  manuscript  on  the  inhibitory  effects  of  Paraquat  on  acetylcholinesterase  is 
in  preparation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  administration  of  Paraquat  to  animals  causes  hyaline  membrane  formation 
in  the  lungs  and  death  from  pulmonary  edema.   It  has  been  suggested  that  this 
histochemical  picture  resembles  that  seen  in  infantile  distress  syndrome  of 
the  newborn.   Elucidation  of  the  mechanism  of  action  of  the  damage  to  lungs 
produced  by  Paraquat  and  Jji  vivo  amelioration  of  the  toxic  symptoms  could 
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provide  useful  knowledge  for  treating  this  syndrome  In  humans.  Furthermore, 
poisoning  due  to  Paraquat  has  become  a  medical  problem  due  to  Its  widespread 
use  as  an  herbicide.   There  Is  now  no  known  effective  treatment. 

Proposed  Course;   The  pulmonary  toxicity  of  Paraquat  remains  difficult 
to  explain  In  terms  of  the  phenomena  thus  far  investigated.   The  highest 
levels  of  drug  found  In  lungs  of  rats  and  rabbits  were  about  2  x  10"^  M 
6  hours  after  a  toxic  dose  of  20  mg/kg  i.v.  (Ilett  et  al^.  ,   Toxicol,  Appl. 
Pharmacol.,  in  press).   This  is  well  below  the  Ki  for  acetylcholinesterase. 

Although  there  is  good  evidence  that  hydrogen  peroxide  production  and 
llpoperoxlde  formation  are  essential  features  for  the  toxicity  of  Paraquat 
on  plants,  Ilett  £t  ^.  (Toxicol.  Appl.  Pharmacol.,  in  press)  could  not  con- 
firm this  in  rats  and  rabbits.   Paraquat  in  the  amount  of  10"^  M  greatly 
enhanced  the  conversion  of  methanol  to  formaldehyde  indicating  Increased 
production  of  H202,  twofold  in  rat  lung  homogenates  and  eightfold  in  rabbit 
lung  homogenates,  yet  rabbit  lungs  do  not  show  the  typical  toxic  symptoms  of 
hemorrhage  and  edema. 

However,  all  of  the  other  hlstochemical  and  biochemical  studies  so  far 
seem  to  Indicate  that  Paraquat  toxicity  is  similar  to  that  of  oxygen  and 
ozone  in  animals  and  that  some  free  radical  form  of  oxygen  is  Involved. 
The  evidence  for  the  presence  of  decreased  surfactant  concentrations  after 
Paraquat  Is  substantial  enough  to  warrant  a  study  on  the  biosynthesis  of  the 
protein  portion  of  the  molecule  using  isotoplcally  labelled  leucine  as  a 
precursor  substance. 


Honors  and  Awards: 


Publications: 


None 
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Objectives;   This  study  was  undertaken  to  provide  a  systematic  investi- 
gation of  the  biogenic  amines  in  lung.   These  include  histamine,  dopamine, 
tryptamine  and  serotonin.   Except  for  histamine,  their  origin  and  role  have 
not  been  studied  in  detail.   Several  observations  point  to  a  possible  impor- 
tance of  these  amines  in  lung.   As  noted  by  Von  Euler  25  years  ago,  the  lung 
has  extraordinarily  high  levels  of  dopamine,  relatively  low  levels  of  the 
sympathetic  transmitters,  noradrenaline  and  adrenaline  and  a  sparce  sympa- 
thetic innervation.   Fluorescent  histochemical  studies  of  Hillarp,  Falck  and 
their  associates  have  shown  that  the  sympathetic  nerve  plexus  is  confined 
largely  to  the  blood  vessels  and  airways  in  lung.   The  unusual  sensitivity 
of  the  pulmonary  artery  to  serotonin  and,  as  we  and  others  have  shown,  the 
finding  of  high  levels  of  serotonin  (and  tryptamine)  in  lung  are  further  in- 
dications of  a  possible  role  for  amines  in  lung. 

Of  the  amines,  histamine  has  been  studied  in  most  detail  because  of  its 
participation  in  allergic  disorders,  such  as  asthma  and  hay  fever.   The  re- 
cent studies  of  Ishizaka,  Austen,  Lichtenstein  and  others  have  led  to  an 
understanding  of  the  mechanism  of  histamine  release  from  the  human  basophil 
and  lung  and  of  the  influence  of  chemical  mediators  in  this  release  through 
cyclic  AMP.   Another  advance  has  been  the  development  of  agents  (the  H2  in- 
hibitors) which  specifically  block  the  actions  of  histamine  not  affected  by 
the  classical  antihistamines  and  the  identification  of  two  distinct  types  of 
histamine  receptors  in  the  body  (H]^  and  H2  receptors). 

Mast  cells  are  presumed  to  be  the  major  repository  of  histamine  in  lung, 
although  the  data  in  the  literature  are  ambiguous.  Mast  cells  are  present  in 
the  pleura,  bronchi  and  in  the  vicinity  of  the  major  vessels  but  appear  to  be 
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absent  or  infrequent  in  the  lung  itself.         Degranulation  of  mast  cells 
by  treatment  with  agents  auch  as  compound  48/80  Is  variably  reported  to  load 
to  appreciable,  little,  or  zero  depletion  of  histamine.   The  histamine  In 
lung  is,  in  any  case,  more  resistant  to  depletion  than  that  in  skin.   The 
histamine  is  depleted  by  antigen-antibody  reactions  and  presumably  resides 
in  specific  cell  of  the  mast-cell  type.   Less  is  known  about  the  storage  of 
other  amines.   Mast  cells,  neurones  and  chromaffin  cells  are  potential  sites 
for  storage. 

The  present  study  attempts  to  define  the  synthesis,  storage  and  release 
as  well  as  the  source  of  the  amines  in  lung.   The  approaches  used  include  a 
measurement  of: 

1)  Amines  and  the  enzymes  concerned  with  synthesis  and  metabolism  of 
the  amines. 

2)  Synthesis  by  administration  of  a)  labeled  and,  lo  high  do««B,  b)  un- 
labeled precursor  amino  acids  and  measurement  of  the  labeled  and 
unlabeled  endogenous  amines. 

3)  Turnover,  by  blockade  of  metabolism  with  enzyme  inhibitors,  e.g.  MAO 
inhibitors  for  serotonin,  and  determination  of  rates  of  increase  and 
decrease  of  amine  and  metabolite  (e.g.  5-HIAA). 

4)  The  release  of  amines  by  pharmacological  agents. 

Source  of  the  amines  will  be  determined  by:   use  of  agents  such  as  com- 
pound 48/80,  6-hydroxydopamine,  reserplne,  which  act  selectively  on  mast 
cells,  neurones,  etc.,  and  secondly  by  histochemlcal  studies  before  ard  after 
treatment  with  precursors  and  metabolic  Inhibitors. 

This  report  describes  our  current  studies  with  histamine  and  serotonin. 
Subsequent  studies  will  include  tryptamlne  and  dopamine.   The  influence  of 
factors,  such  as  age  and  bacterial  environment,  on  the  dynamics  of  the  amine 
stores  were  also  investigated. 

Methods  Enqaloyed:   Whole  lung  and  portions  of  lung  were  obtained  from 
rats  and  guinea  pig.   For  studies  of  the  effects  of  age,  drugs,  etc.  ,  patho- 
gen-free Wlstar  rats  were  obtained  at  21  days  of  age  from  the  Division  of 
Research  Services,  NIH.   Specimens  of  normal  human  airways,  bronchi  and  pleura 
as  well  as  of  tumors  were  obtained  during  surgery.   Enzyme  activities  were 
assayed  on  fresh  tissue.   Levels  of  amines  were  determined  in  frozen  tissues 
stored  at  -20OC, 

Procedures  for  the  assay  of  various  amines  and  enz3nDBatic  activities  are 
listed  inXable  1.   These  procedures  utilized  (l^C-methyl)-S-adenosylmethl- 
nlne  or  trltlated  amines  to  produce  the  labeled  metabollte,^^C02  or  H2O,  as 
the  measurable  product.   The  assays  were  scaled  down  to  require  from  10  to  50 
\),1   of  a  1: 10  tissue  homogenate.   This  made  it  possible  to  perform  each  assay 
with  Individual  samples  of  tissue.   The  methyltransferase  enzymes  and  the 
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side-chain  labeled  standards,  j9-  H-histamine  and  a »i5-H- serotonin,  none  of 
which  are  available  commercially,  were  prepared  in  large  batches  and  period- 
ically tested  for  purity. 

Studies  on  the  effects  of  drugs  and  the  incorporation  of  amino  acids 
were  carried  out  with  10-day-old  and  10-week-old  rats. 

Major  Findings:   Amine  levels  in  lung;   High  levels  of  histamine  and 
serotonin  were  found  in  rat,  cat  and  human  lung  (Table  II).  Histamine  levels 
were  unevenly  distributed  from  animal  to  animal  and  tended  to  cluster  around 
several  mean  values.   In  several  specimens  of  human  lung,  unusually  high 
values  of  25-29  p,g/g  were  observed. 

Changes  in  amine  levels  and  enzyme  activities  with  age  in  rats;   Levels 
of  histamine  and  serotonin  in  lungs  of  young  rats  were  low  but  Increased 
after  4-5  weeks.   The  rise  in  serotonin  was  sharp.   Maximal  levels  of  4-8  y,g/g 
were  reached  by  8-10  weeks  and  remained  constant  thereafter.   With  histamine 
there  was  a  gradual  rise  over  18  months  (Table  III).   Considerable  variability 
in  histamine  (but  not  serotonin)  levels  became  evident  at  about  12  weeks  and 
grew  more  pronounced  with  age.   Further  investigation  will  be  required  to  de- 
termine whether  this  was  due  to  exposure  of  previously  pathogen- free  animals 
to  a  normal  environment  at  21  days  of  age.   Increase  in  histamine  levels  with 
age  have  been  observed  previously  in  skin,  and  tissues  such  as  omentum,  skin 
and  pleura  that  are  normally  rich  in  mast  cells  are  known  to  have  few  mast 
cells  at  birth  (Riley  and  West,  The  Mast  Cell,  Livingston  Press,  1962).   The 
Increases  in  histamine  and  serotonin  levels  were  apparently  not  due  to  in- 
creased synthesis  outside  the  lung,  since  blood  histamine  in  basophils  and 
serotonin  in  platelets  remained  unchanged  through  life  at  levels  of  0.05  to 
0.10  ug/g  and  1.4  to  1.9  g.g/g  respectively. 

Lung  was  found  to  contain  high  levels  of  the  amino  acid  decarboxylases 
which  synthesize  amines.   In  young  rats  DOPA  decarboxylase  activity  in  lung 
was  twice  that  in  kidney  and  five  times  that  in  other  organs.   Histidlne  de- 
carboxylase activity  was  higher  in  lung  than  in  other  organs  except  the 
stomach.   These  activities  were  highest  at  birth  and  declined  with  age  (Table 
III).   The  rate  of  synthesis  of  serotonin  in  lung  J^  vivo  was  measured  by 
administering  pargyline  to  block  the  metabolic  breakdown  by  monoamine  oxidase 
and  measuring  the  rate  of  decrease  of  the  metabolite  5-hydroxy  Indole  acetatE 
and  the  rate  of  increase  of  serotonin.   In  10-day-old  rats,  serotonin  rose 
from  0.83  to  4.95  lig/g  in  2  hours.   Turnover  times  of  less  than  20  min  and 
synthesis  rates  of  about  2  p,g/g/hr  were  calculated  from  the  kinetic  data.   In 
10-week-old  rats  similarly  treated,  the  levels  of  7.1  |J.g/g  did  not  rise  sig- 
nificantly.  Blood  levels  of  serotonin  remained  unchanged  in  both  cases. 
Serotonin  synthesis  in  the  young  rat  lung  was  2-4  times  that  in  brain  and  more 
than  5  times  that  in  intestine,  the  other  major  source  of  serotonin  in  rats. 
The  decline  in  synthesis  was  in  accord  with  the  decline  in  DOPA  decarboxylase 
activity  in  the  older  rat.   Tryptophan  hydroxylase,  which  is  the  rate-limiting 
enzyme  for  serotonin  synthesis,  is. present  in  appreciable  amounts  but  has  not 
been  measured  with  age. 
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The  apparent  paradox  of  increased  amine  levels  and  decreased  synthetic 
activity  could  be  explained  by  the  acquisition  of  storage  sites  in  later  life. 

The  presence  of  alternative  routes  of  metabolism  for  histamine  in  rat 
and  other  species  (see  current  report,  1973-74)  does  not  allow  the  simple  type 
of  kinetic  studies  that  can  be  used  for  serotonin.   Studies  with  labeled  pre- 
.cursor,  L-histidine,  show  a  measurable  but  very  slow  synthesis  of  histamine 
in  lung  of  the  adult  rat.   Another  approach  under  study  is  the  administration 
of  high  doses  of  unlabeled  L-histldine  and  measurement  of  the  increase  and  de- 
crease of  histamine  in  lung.   Organs  with  rapid  turnover,  as  for  example  brain 
and  lung,  show  a  transient  (2-3  hr)  but  significant  increase  in  endogenous 
histamine.   We  are  using  this  as  well  as  isotopic  experiments  in  the  young  as 
well  as  the  older  rat. 

Sensitivity  of  the  histamine  and  serotonin  stores  to  compound  48/80  and 
reserpine.   Effect  of  inhibitors  and  precursors  on  amine  synthesis;   In  past 
studies,  we  have  obtained  a  15-30%  release  of  histamine  from  rat  lung  (Sprague- 
Dawley)  after  compound  48/80  treatment  (1  mg/kg,  4  times  in  24  hr).   This  de- 
crease was  insignificant  in  most  studies.   Skin  histamine  was  reduced  by  857o 
or  more.   In  the  present  study,  48/80  treatment  reduced  lung  histamine  in  the 
Wistar  rats  (11  weeks  of  age)  from  5.3  to  3,2  (38%  decrease,  p  <  0,02)  ng/g 
but  increased  lung  serotonin  from  4.9  to  9.3  (p  <  0.001)  |ig/g.   The  increase 
in  lung  serotonin  could  be  due  to  uptake  or  circulating  serotonin.   Small  in- 
creases in  blood  serotonin  levels,  1.3  to  1.8  jtg/g,l,  were  observed,  and  rat 
lung  is  known  to  have  a  high  affinity  for  injected  labeled  serotonin.   Plasma 
levels  of  histamine  increased  (0.09  to  0.37  M.g/|ji.l)  after  compound  48/80,  but, 
unlike  the  serotonin,  histamine  is  not  taken  up  by  lung  or  other  tissues  as 
shown  in  studies  with  labeled  histamine. 

The  two  amines  differed  in  their  susceptibility  to  reserpine,  5  mg/kg 
i.p.   Serotonin  but  not  histamine  was  depleted,  52%  (n  ^  6,  p  -  0.02)  and  68% 
(n  =  5,  p  =  0.02)  by  this  drug.   Neither  amine  was  affected  by  treatment  with 
6- hydroxy dopamine,  which  selectively  destroys  sympathetic  nerves,  or  by  5,6- 
dihydroxytryptamine,  which  selectively  destroys  serotonin  containing  neurones 
in  the  CNS  of  rat. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
These  experiments  indicate  that  histamine  and  serotonin  are  not  of  neuronal 
origin.   Histamine  stores  are  susceptible  to  the  mast-cell  liberator  compound 
48/80  and  the  serotonin  stores  to  reserpine.   They  further  indicate  that  the 
capacity  of  tissue  to  store  the  amines  is  not  acquired  until  later  life  but 
that  serotonin  is  synthesized  at  a  rapid  rate  in  young  rats  before  storage 
system  is  acquired.   The  data  obtained  will  be  of  use  in  the  design  of  agents 
for  pharmacological  control  of  pulmonary  function. 

Proposed  Research;   Kinetic  studies  will  be  continued  with  the  use  of 
precursors  and  enzyme  inhibitors. 
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Collaborative  fluorescence  histochemical  studies  are  now  planned  to  ob- 
tain Information  on  the  site  of  amine  storage  in  adult  rats  and  site  of  syn- 
thesis (loading  with  L-DOPA  and  5-hydroxytryptophan)  in  young  rats. 

Honors  and  Awards:        None 

Publications:  None 
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TABLE  II 
HISTAMINE  (AND  SEROTONIN)  LEVELS  IN  LUNG 
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Age 

(n) 

Amine 

levels* 

Species** 

Histamine 

Serotonin 

(iS 

;/8 

Rat--Wistar 

Sprague-Dawley 

3  m 
3  m 

(7) 
(6) 

1.0-6.9 
1,7-9.8 

(  1.5) 
(  5.4) 

2.6-6,5  (4.3) 
3.3-6,1  (9,5) 

Cat-- various  strains 

3-9  m 

(9) 

1.8-17 

(  5.0) 

— 

Man- -Lung 

Pleura 

Small  airways 
Bronchi 
Small  artery 

43-66  yr 

(21) 
(5) 
(3) 
(1) 
(3) 

1.7-29.9 
4.4-36,7 
1,6-14.9 

4,3 
0,8-2.2 

(13.4) 
(14.0) 
(  6,6) 

(  1.6) 

... 

*  Values  are  range  and,  in  parenthesis,  mean, 
**  Male  except  cat--various  strains,  which  include  male  and  female, 

TABLE  III 

CHANGE  IN  AMINE  LEVELS  AND  DECARBOXYLASE  ACTIVITIES  IN  RAT  LUNG  WITH  AGE 


Amine  1 

eve Is* 

Decarboxylase 
activities** 

Age 

(days) 

(n) 

Histamine 

Serotonin 

L-DOPA 

L-Histidine 

H8/g 

1 

(10) 

0,06-  0,2  (  0,1) 

0.2  -  0.4 

(0,6) 



100  +  20 

3 

(  9) 

0,05-  0,3  (  0.2) 

0,05-  1,2 

(0.9) 

100  +  3 



11 

(12) 

0.1  -  0.3  (  0.2) 

0,05-  1,1 

(1.0) 

96+1 



17 

(  6) 

0.2  -  0,4  (  0.2) 

0.9  -  1.8 

(1.4) 

89+6 

100  +  46 

22 

(  6) 

0,2  -  2,8  (  0.9) 

3,1  -  7,6 

(4.1) 

98+4 

122  +  22 

29 

(10) 

0.2  -  0.5  (  0.3) 



63+3 



77 

(14) 

1.0  -  6.9  (  1.5) 

3,3  -  6.5 

(4,3) 

66+4 

44  +  21 

140 

(  8) 

3.7  -18.3  (  6.9) 

5.6  -10.5 

(6.8) 

48+3 

35  +  26 

182 

(  5) 

2.9  -  7.9  (  4.8) 

3.8  -  5.2 

(4.3) 

... 

38  +  16 

210 

(  4) 

1.5  -14,0  (  7.5) 



43  +  4 

39  +  — 

349 

(  2) 

6.2  -17.1  (11.7) 

3.9  -  4.8 

(4.4) 

— 



574 

(3) 

5.6  -17.3  (  9,8) 

4.3  -  8,2 

(6.1) 

... 

... 

*  Values  are  range  (and  mean)  for  amine  levels). 
**  Values  for  enzyme  activities  are  relative  (day  1  =  100)  values  +  S.D. 
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Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  Biological  Role  of  Biogenic  Amines  In  Health  and 

Disease:   Inhibition  of  Riboside  Conjugation  of 
Histamine  by  Aspirin  and  Salicylate 

Previous  Serial  Number:    NHLI-94(c) 

Principal  Investigators:   Dr.  Michael  A.  Beaven 
Dr.  Zdenka  Horakova 

Other  Investigators:      Dr.  Harry  R.  Reiser 

Dr.  Perry  V.  Halushka 

Cooperating  Units:        None 

Project  Description: 

Objectives;   The  present  studies  stemmed  from  the  finding  of  a  patient 
who  excreted  large  amounts  of  free  imidazole  acetic  acid  but  no  rlbosyl- 
Imldazole  acetic  acid.   Both  compounds  are  normal  metabolites  of  histamine 
In  man  and  other  species.   Further  inquiry  revealed  that  the  patient  was 
taking  aspirin.   On  withholding  aspirin,  the  ribosyl-conjugate  appeared  in 
normal  aoiounts  in  the  urine.   Similar  effects  were  noted  with  aspirin  in 
other  patients,  and  these  findings  were  described  in  last  year's  report 
(NHLI-94(c)). 

Histamine  is  metabolized  by  two  routes.   In  the  first,  histamine  is 
deaminated  by  diamine  oxidase  to  form  imidazole  acetic  acid  and  then  conju- 
gated to  form  the  rlbosyllmidazole  acetic  acid.   In  the  second,  it  is  methyl- 
ated and  then  deaminated  (by  monoamine  oxidase)  to  give  methylhlstamine  and 
methylimidazole  acetic  acid,  respectively.   The  relative  importance  of  the 
two  routes  varies  in  different  species  with  methylation  predominating  in  man, 
cat,  dog  and  mouse  and  deamlnatlon  and  conjugation  predominating  in  rat  and 
guinea  pig. 

This  report  describes  additional  studies  in  rat.   In  this  species,  the 
rlbosyllmidazole  acetic  acid  is  the  major  (-«.65%)  histamine  metabolite,  and 
the  effects  of  aspirin  and  other  anti- inflammatory  agents  on  the  ribosyl 
conjugation  could  be  readily  assessed.   As  In  our  earlier  studies,  ^^C-hist- 
amlne  was  used  to  trace  both  metabolic  pathways.   A  further  aid  to  our  stud- 
ies was  the  preparation  of  tritium- labeled  imidazole  acetic  acid  which  was 
used  specifically  as  tracer  for  the  conjugation  of  Imidazole  acetic  acid  with 
ribose  in  untreated  and  drug-treated  rats.   The  metabolism  of  imidazole  acetic 
acid  has  not  been  studied  previously. 
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Methods  Employed:   The  ^H- imidazole  acetic  acid  was  prepared  from  un- 
labeled material  by  catalytic  exchange  and  was  purified  by  thin  layer  chroma- 
tography.  Other  labeled  compounds  were  purchased  and  purified  before  use. 

Histamine  (2  ring  1*C) ,  5  p,Ci/kg,  and  3h- imidazole  acetic  acid,  20  jiCi/ 
kg,  were  given  intravenously  2  hr  after  the  previous  administration  of  drug 
or  vehicle.   Aspirin  and  other  drugs  were  given  orally  in  a  single  or  multi- 
ple (q.i.d.)  doses.   In  other  studies,  aspirin-treated  rats  and  control  rats 
(250  g)  received  40  ^Ci  (1  nmple)  estrone-C6,7-^H]  (New  England  Nuclear  Corp.) 
or  20  (iCl  (2.5  mg)  morphine- *^*C- (H- methyl)  hydrochloride  (Amersham/Searle 
Corp.). 

Urine  (and  feces)  were  collected  over  6-hr  periods.   Aliquots  (10  ^,1)  of 
urine  were  assayed  for  labeled  histamine  metabolites  by  thin  layer  chroma- 
tography and  isotope-dilution  derivative  techniques  as  described  last  year. 
In  studies  with  labeled  morphine  and  estrone,  aliquots  of  urine  and  feces 
were  diluted  or  homogenized  In  9  volumes  of  0.1  M  acetate  buffer--pH  4.5, 
were  Incubated  alone,  with  mollusk  /3-glucuronldase,  or  with  a  mixture  of 
j3-glucuronidase  and  arylsulfatase  (Calbiochem  Corp.).   The  labeled  hydrolysis 
products  and  free  drug  were  extracted  into  toluene  for  assay  of  radioactivity. 
Synthetic  3-glucuronide  and  sulfate  derivatives  of  the  labeled  estrone-C6.7- 
h]  (New  England  Nuclear  Corp.)  were  added  to  additional  samples  of  urine  to 
test  for  completeness  of  hydrolysis.   The  metabolites  were  also  identified  by 
thin  layer  chromatography. 

Major  Findings:   Effect  of  aspirin  on  metabolism  of  ^^C-histamine  In  vivo 
Last  year's  report  showed  that  In  humans  the  urine  excretion  of  14c-hlstamine 
as  ribosylimidazole  acetic  acid  decreased  from  17%  (13-20)  to  only  4%  (2-5) 
during  treatment  with  aspirin.   The  excretion  of  free  imidazole  acetic  acid 
Increased  by  a  corresponding  amount.   Ribosylimidazole  acetic  acid  reappeared 
in  normal  amounts  once  aspirin  was  stopped.   The  excretion  of  histamine  and 
methylhistamlne  was  unchanged. 

In  the  rat,  the  rlbosyl  derivative  of  ^^C-hlstamine  accounted  for  the 
major,  57%  (55-66)  and  the  unconjugated  acids  a  minor  part,  6%  (4-8),  of  the 
label  in  urine  (see  Table  1).   A  single  25  mg/kg  dose  of  aspirin  reduced  uri- 
nary excretion  of  the  rlbosyl  conjugate  by  about  30%  and  Increased  that  of 
free  acid  by  a  corresponding  amount.   Greater  reductions  were  observed  with 
higher  doses.   With  repeated  doses,  as  little  as  10  mg/kg  aspirin  produced 
22%  reduction  of  riboside  excretion.   The  extent  of  reduction  appeared  to  be 
related  to  plasma  levels  of  salicylates.   These  ranged  from  0.38  to  1.83  nM 
with  single  and  0.64  to  3.17  mM  with  multiple  doses  of  aspirin  (Table  1). 
As  in  humans,  the  overall  excretion  of  label  and  the  undeaminated  amines  was 
unchanged. 

The  effect  of  other  anti- inflammatory  agents 

Other  anti- inflammatory  drugs  did  not  intefere  in  the  excretion  of  uri- 
nary metabolites.   These  included  sallcylamide,  phenacetln,  acetaminophen, 
phenylbutazone,  and  indomethacln  in  high  doses. 
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Studies  wtth  %-tmldazole  acetic  acid 

Within  6  hr  almost  all  (94%)  of  the  ^H- Imidazole  acetic  acid  was  ex- 
creted as  rlbosyllmidazole  acetic  acid  in  rats.   No  other  metabolite  was 
found  in  urine,   llie  amount  of  conjugated  acid  in  urine  was  reduced  by  aspi- 
rin.  Reductions  ranged  from  29%  after  25  mg/kg  aspirin  to  94%  after  4  doses 
of  300  mg/kg  aspirin  and  were  comparable  to  that  found  with  ^*C-histamine 
(Table  1).   Simultaneous  administration  of  ^H- imidazole  acetic  acid  and  ^^C- 
histamine  indicated  that  the  tritium  label  was  freely  miscible  with  the 
body  pool  of   C-lmidazole  acetic  acid,  since  the  ratio  of  isotopes  remained 
unchanged  in  the  free  and  conjugated  acid  fractions. 

Effect  of  aspirin  on  the  conjugation  of  steroids  and  drugs 

o 

other  conjugation  reactions  were  not  blocked  by  aspirin.  H-Estrone  was 
excreted  largely  as  the  glucuronlde  and  ethereal  sulfate  conjugates  in  urine 
and  feces  of  controls  (97%)  and  aspirin-treated  rats  (93%).  The  excretion  of 
the  glucuronlde  of  l^C- labeled  morphine  was  reduced  only  slightly,  from  66- 
72%  to  56-58%,  in  rats  given  3  x  300  mg/kg  aspirin  daily.  This  small  reduc- 
tion is  probably  due  to  competition,  because  both  drugs  are  excreted  in  part 
as  glucuronides  in  rat. 

Increased  morphine  toxicity  with  aspirin  treatment 

An  unexpected  finding  was  that  morphine  in  the  usual  experimental  dose 
of  10  mg/kg  i.v.  was  lethal  to  almost  all  (79%)  of  the  aspirin- treated  rats. 
Thirty  minutes  after  the  injection  of  morphine,  these  rats  showed  congestion, 
difficulty  in  breathing  and  pronounced  hyperpyrexia.   These  symptoms  became 
more  severe.  Death  occurred  within  60-90  min  and  was  accompanied  by  respira- 
tory distress,  cyanosis  and  convulsions.  The  few  survivors  recovered  rapidly 
within  2  hr.   Naloxlne  prevented  or  blocked  these  effects.  Alone,  neither 
drug  produced  these  symptoms. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  present  studies  confirm  findings  of  others  that  conversion  to  imidazole 
acetic  acid  and  then  rlbosyllmidazole  acetic  acid  is  a  major  pathway  of  hist- 
amine metabolism  in  rat  and  a  minor  one  in  man.   Our  results  further  indicate 
that  imidazole  acetic  acid  itself  is  almost  completely  converted  to  the  ribo- 
syl  conjugate  and  rapidly  eliminated  in  rat.  The  conjugation  is  inhibited  by 
small  doses  of  aspirin  and  sodium  salicylate  but  not  by  non- salicylate  anti- 
inflammatory agents.   Inhibition  of  RNA  synthesis  and  cell  division  was 
recently  noted  in  aerobic  and  anaerobic  bacteria  with  salicylates  in  concen- 
trations similar  to  those  in  the  present  studies.   We  suspect  that  the  same 
action  of  aspirin  is  responsible  for  inhibition  of  ribose  conjugation  and  the 
RNA  synthesis  and  a  likely  candidate  is  the  inhibition  of  glucose-6-phosphate 
dehydrogenase  by  salicylates.   This  enzyme  is  required  for  the  synthesis  of 
ribose  and  its  inhibition  is  likely  to  interfere  in  the  production  of  ribosyl 
donors  such  as  PRPP.   If  aspirin  interferes  in  RNA  synthesis  (and  cell  divi- 
sion) in  animals  as  well  as  bacteria,  effects  would  be  apparent  in  organs 
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with  rapid  cell  turnover.   It  may  be  significant  that  the  organ  most  sucept- 
Ible  to  aspirin  toxiclty>  the  stomach,  has  the  most  rapid  cell  turnover 
(r-1  day)  in  man). 

Proposed  Course:   The  metabolism  of  labeled  imidazole  acetic  acid  and 
histamine  will  be  studied  in  vitro.   Tissues  from  treated  and  untreated  rats 
and  the  effects  of  aspirin  and  cofactors  such  as  phosphoribosyl  pyrophosphate 
will  be  studied  to  determine  if  aspirin  action  is  through  the  inhibition  of 
the  enzymes  responsible  for  conjugation  or  synthesis  of  ribosyl  donors. 
Little  is  known  about  the  riboside  conjugation  and  a  variety  of  tissues  will 
be  studied. 

Honors  and  Awards:        None 

Publications:  None 
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Table  1 
Effect  of  aspirin  on  excretion  of  metabolites  of  -^H- imidazole 
acetic  acid  and  2(rlng  label)-   C-hlstamlne  in  rats 

Per  cent  of  label  excreted  in  urine  as: 


Salicylate        Ribosyl- 
levels  in        Imldazole- 
Dose  of  aspirin     plasma*        acetic  acid 


Imidazole-  Methyl- 

and  methyl-  histamine 

Imidazole  and 

acetic  acid  histamine 


(ffi/kg) 


(tM) 


14, 


14, 


14, 


Control  (vehicle) 


94(0)**   57(0)** 


37 


1 

X 

25 

1 

X 

50 

1 

X 

300 

4 

X 

25 

4 

X 

50 

4 

X 

300 

0.38  +  0.01 
0.70  +  0.04 
1.83  +  0.13 


65(29) 
55(41) 


0.64  +  0.05  41(55) 
1.17  +  0.05  35(62) 
3.17+0.26    4(94) 


38(33) 
31(46) 
22(61) 

22(61) 

15(74) 

5(89) 


35 
45 


59 
65 
96 


18 
19 
27 

30 
25 
54 


0 

39 

0 

45 

- 

82 

0 

45 

0 

60 

0 

39 

^H- Imidazole  acetic  acid  and  ^^C-hlstamlne  were  injected  intravenously  2  hr 
after  the  administration  of  the  last  dose  of  aspirin  or  vehicle.   Aspirin 
was  administered  orally  in  one  or  four  doses  over  the  course  of  24  hr  as  de- 
scribed in  the  text.   Salicylate  levels  are  those  at  the  time  of  injection 
of  label. 


*  Two  hours  after  the  last  dose  of  aspirin. 
**  Per  cent  inhibition  of  riboside  excretion. 


Sis' 


Annual  Report  of  the 
Section  on  Pulmonary  Biochemistry 

Pulmonary  Branch 
National  Heart  and  Lung  Institute 
July  1,  1973  through  June  30,  1974 


The  connective  tissue  of  the  lung  is  fundamental  to  lung  structure 
and  function.   In  human  pulmonary  disease  there  is  a  broad  spectrum  of 
connective  tissue  Involvement  from  an  apparent  excess  of  collagen  in  the 
Interstitial  lung  disorders  to  an  apparent  destruction  of  the  connective 
tissue  framework  in  the  emphysematous  disorders.   The  overall  objective 
of  this  work  is  to  understand  and  eventually  control  the  mechanisms  of 
lung  connective  tissue  synthesis  and  destruction  so  that  ultimately 
we  can  selectively  inhibit  the  fibrotic  process  in  the  interstitial  dis- 
orders and  promote  the  preservation  and  generation  of  functional  alveolar 
units  in  the  emphysematous  disorders.  The  initial  goals  of  this  labo- 
ratory since  its  Inception  in  July  1972  has  been  to  develop  the  in 
vitro  technology  by  which  these  problems  could  be  attacked.   This  objec- 
tive has  been  achieved;  specifically,  it  is  now  possible  to  examine  the 
synthesis  and  proteolysis  of  collagen  in  short-term  explant  cultures  of 
rabbit  and  human  lung,  in  diploid  cell  lines  derived  from  animal  and 
human  Itmg  and  in  homologous  and  heterologous  cell-free  protein  synthe- 
sizing systems.  The  following  is  a  summary  of  the  ongoing  projects  In 
the  laboratory  in  the  past  year. 

I.  Models  of  Lung  Growth 

Two  models  are  being  used  to  examine  the  control  of  synthesis  and 
proteolysis  of  connective  tissue  components:   (1)  changes  during  normal 
neonatal  lung  growth  and  (2)  examination  of  "compensatory"  lung  growth 
following  unilateral  pneumonectomy. 

In  the  late  fetal  lung,  approximately  3%  of  the  total  amino  acids 
Incorporated  into  protein  per  hour  go  into  collagen.   In  the  newborn 
period  there  is  a  shift  in  the  emphasis  of  the  proteins  synthesized  by 
lung  so  that  this  figure  rises  to  14%.  During  this  period  there  Is  a 
rapid  accumulation  of  the  total  amount  of  collagen  in  the  lung  as  well 
as  the  relative  amount  of  collagen  per  unit  lung  mass.   By  adulthood, 
the  level  of  collagen  synthesis  returns  to  its  earlier  low  level  of  3% 
and  the  accumulation  of  collagen  in  the  lung  stops. 

Within  one  month  after  left  pneumonectomy  in  the  adult  rabbit,  the 
mass  of  the  right  lung  doubles.  This  growth  can  be  characterized  by  a 
period  of  rapid  collagen  accimiulation  preceded  by  a  shift  in  emphasis 
of  total  protein  synthesis  toward  collagen  synthesis.  As  a  result, 
the  total  amount  of  collagen  doubles,  but  the  concentration  of  collagen 
remained  constant.   This  is  in  contrast  to  neonatal  I'lng  growth  in  which 
the  shift  in  protein  synthesis  toward  collagen  accumulation  results  in 
an  increased  concentration  of  collagen.  Preliminary  studies  have  sug- 
gested that  mechanical  factors  may  be  partially  responsible  for  the 
initiation  of  the  ccmplex  biochemical  events  associated  with  lung  growth 
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II.  Mechanisms  of  Collagen  and  Non-Collagen  Protein  Synthesis  in 
Sabbit  Lung  Cell-Free  Systems 

An  active,  partially  fractionated  cell-free  protein  synthesizing 
system  has  been  established  from  rabbit  lung.  Lung  polysomes  can 
also  be  translated  in  heterologous  cell-free  systems  including  the 
rabbit  reticulocyte  and  wheat  embryo  systems.   Collagen  in  lung  is 
sjmthesized  on  the  class  of  large  polysomes  associated  with  the  endo- 
plasmic reticulum.  During  lung  development  there  are  significant 
changes  in  the  relative  proportion  of  lung  polysomes  that  synthesize 
collagen  suggesting  that  at  least  some  of  the  control  of  lung  collagen 
synthesis  may  be  due  to  changes  in  lung  collagen  gene  expression  or 
to  changes  in  the  number  of  cells  that  synthesize  collagen.  The 
cell-free  system  is  currently  being  utilized  to  identify  vulnerable 
steps  in  the  process  of  connective  tissue  synthesis  which  may  be  in- 
fluenced to  treat  specific  lung  disorders. 

III.  The  Composition  and  Sjmthesis  of  Collagen  in  Human  Lung 

At  least  two  collagen  chains,  al  and  a2  are  synthesized  by  human 
lung  in  vitro .  Over  a  wide  age  range  in  the  adult  lung,  approximately 
4%  of  the  amino  acids  incorporated  into  protein  per  hour  are  incor- 
porated into  collagen.  A  variable  proportion  of  the  collagen  synthe- 
sized in  vitro  is  subsequently  hydrolyzed  depending  on  the  conditions 
used.  These  studies  are  being  extended  to  (1)  qxiantitate  the  degree 
of  the  fibrotic  process  in  the  interstitial  disorders  (2)  to  develop 
an  in  vitro  system  for  testing  drug  efficacy  in  the  fibrotic  diseases 
and  (3)  to  examine  the  interaction  of  serum  proteins  (particularly 
the  al  antitrypsin  globulins)  on  the  rate  of  proteolysis  of  lung  con- 
nective tissue  components  sjmthesized  in  vitro. 

IV.  Heterogeneity  of  Lung  Collagen 

Collagen  is  the  most  abundant  protein  in  lung,  comprising  10-15% 
of  the  adult  lung.  This  collagen  is  heterogeneous;  there  are  probably 
five  different  types  of  collagen  chains  synthesized  by  the  lung. 

The  tracheobronchial  tree  synthesized  primarily  al(II)  chains, 
the  peripheral  lung  synthesizes  al(I)  and  al   chains  and  the  vascular 
tree  synthesizes  at  least  al(I)  and  a2  chains.  Additional  evidence 
suggests  the  lung  also  synthesizes  al(III)  chains  and  possibly  al(IV) 
(basement  membrane)  chains.   These  different  collagen  chains  have 
distinct  primary  amino  acid  sequences  as  demonstrated  by  different 
peptide  maps  on  ion-exchange  colimms  and  acrylamide  gels.  The  al(I) 
and  0.1   chains  are  similar  to  skin  collagen.   The  al(II)  chains  are 
similar  to  cartilage  collagen  and  the  al(III)  chains  similar  to  aorta 
collagen.  These  findings  are  being  applied  to  the  examination  of  the 
fibrotic  lung  diseases  in  order  to  classify  these  disorders  by  the 
types  of  collagen  being  synthesized  by  the  fibrotic  lung. 
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V.  Collagen  Synthesis  In  Cultured  Lung  Cells 

There  are  more  than  forty  cell  types  in  lung,  and  some  of  these 
cells  are  responsible  for  the  synthesis  of  the  five  different  types  of 
collagen  chains.  Fibroblasts  cultured  from  fetal  or  newborn  rabbit 
lung  and  human  fetal  lung  actively  synthesize  collagen  and  secrete  it 
into  the  media  in  a  precursor  form  called  pro-a  chains.  The  newborn 
rabbit  lung  fibroblast  synthesizes  at  least  three  rabbit  limg  a  chains, 
a(I),  a2  and  al(III).  A  fetal  cat  lung  epithelial  cell  synthesizes 
collagen  which  appears  different  from  all  other  collagens  synthesized 
by  lung  and  may  be  basement  membrane  type  collagen.  These  cell  lines 
are  being  utilized  to  examine  the  mechanisms  controlling  the  synthesis 
of  each  collagen  chain.   Conditions  are  being  developed  for  culturing 
lung  chrondroblasts ,  smooth  muscle  cells,  endothelial  cells  and  other 
epithelial  cells. 

VI.  Experimental  Models  of  the  Interstitial  lung  Disorders 

Prior  to  extension  of  this  laboratory's  work  to  human  lung  biopsy 
material  from  patients  with  interstitial  disease,  we  are  first  apply- 
ing these  biochemical  techniques  to  experimental  animal  models  of 
fibrotic  lung  disease.  Under  development  are  models  of  silicosis ^  radia- 
tion injury,  hypersensitivity  disease  and  drug  induced  disease.   In  these 
models  we  are:   quantitatlng  the  rates  of  collagen  synthesis  and  pro- 
teolysis, determining  the  types  of  collagen  being  synthesized  and  in- 
vestigating the  mechanisms  which  control  the  rates  and  kinds  of  collagen 
being  synthesized. 
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Individual  Project  Report 

July  1,  1973  through  June  30,  1974 


Project  Title:  Heterogeneity  of  Lung  Collagen 

Previous  Serial  Number:  None 

Principal  Investigators:  Ronald  G.  Crystal,  M.D. 
Allan  Hance,  M.D, 
Kathryn  H.  Bradley,  M.S. 
Sally  McConnell-Breul,  M.S. 

Other  Investigators:  None 

Cooperating  Units:  None 

Project  Description: 

Objectives;   Collagen  is  the  most  abundant  protein  in  lung,  comprising 
10-15%  of  the  adult  lung  by  dry  weight.   There  are  more  than  40  cell 
types  in  lung  including  mesenchymal  cells,  epithelial  cells  and  smooth 
muscle  cells,  all  of  which  have  been  implicated  in  other  organs  to 
synthesize  collagen.  The  primary  objective  of  this  project  is  to  iden- 
tify the  heterogenous  collagen  chains  in  lung. 

Methods ;  Because  the  majority  of  collagen  synthesized  in  lung  is  syn- 
thesized early  in  life,  the  collagen  in  the  adult  is  mostly  cross-linked 
and,  therefore,  almost  impossible  to  extract  intact.  However,  con- 
ditions have  been  developed  so  that  100%  of  the  collagen  S3mthesized  in 
short-term  explant  lung  cultures  can  be  extracted  and  subsequently 
analyzed.  Different  lung  structures  (bronchial  tree,  blood  vessels  and 
peripheral  lung)  are  isolated  under  a  dissecting  microscope  and  incubated 
in  the  presence  of  labeled  amino  acids.  The  collagen  chains  synthe- 
sized are  extracted,  purified  and  subsequently  compared  by  cyanogen 
bromide  peptide  mapping  techniques. 

Major  Findings;  The  tracheobronchial  tree  synthesizes  primarily  al(II) 
chains,  the  peripheral  lung  synthesizes  a(I)  and  a2  chains  and  the 
vascular  tree  synthesizes  at  least  a(I)  and  a2  chains.  Additional 
evidence  suggests  the  lung  also  synthesizes  a(III)  chains  and  possibly 
al(IV)  (basement  membrane)  chains.   These  different  ccllagen  chains  hrve 
distinct  primary  amino  acid  sequences  as  demonstrated  by  different  pep- 
tide maps  on  ion-exchange  columns  and  acrylamide  gels.   The  a (I)  and 
a2  chains  are  similar  to  skin  collagen,  the  al(II)  chains  similar  to 
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cartilage  collagen  and  the  al(III)  chains  similar  to  aorta  collagen. 

Significance  to  Biomedical  Research  and  Institute  Program:  Normal  lung 
structure  and  function  depends  on  the  collagen  comprising  it.  During 
the  developmental  process  there  undoubtedly  are  changes  In  the  control 
of  collagen  synthesis  as  these  structures  change.  An  understanding  of 
these  mechanisms  will  help  toward  an  understanding  of  the  pathologic 
process  in  diseased  lung. 

The  flbrotlc  lung  diseases  have  many  primary  stimuli  including 
inhalation  of  toxic  materials,  hypersensitivity  states,  radiation  Injury 
and  associated  with  systemic  disorders  such  as  scleroderma.   It  is 
likely  that  these  disorders  are  associated  with  injury  to  different  lung 
cells,  suggesting  the  possibility  that  there  may  be  a  heterogeneity  in 
the  types  of  collagen  synthesized  in  these  different  diseases.   It  may 
be  possible  to  classify  the  interstitial  lung  diseases  on  the  basis  of 
the  types  of  collagen  S3mthesized  in  a  similar  fashion  to  the  lipoprotein 
disorders  and  certain  hemoglobin  disorders. 

Proposed  Course  of  Project:  The  al(I),  a2  and  al(II)  chains  have  been 
isolated,  purified  and  mapped.   The  al(III)  chains  and  al(IV)  are  being 
examined  in  a  similar  fashion.  Onee  all  the  collagen  chains  in  lung 
are  defined,  it  will  be  necessary  to  quantitate  the  rate  of  83rnthesi8 
of  each  chain  so  that  this  technology  can  be  directly  applied  to  the 
study  of  human  lung  disease. 

Honors  and  Awards:  None 

Publications : 

Bradley,  K.  H. ,  McConnell-Breul ,  S.  D.  and  Crystal,  R.  G. : 
Lung  Collagen  Heterogeneity.  Proc.  Nat.  Acad.  Sci. 
(in  Press) 

Crystal,  R.  G.  Lung  Collagen:  Definition,  Diversity  and 
Development  Fed.  Proc.  (In  Press) 

Elson,  N.,  Collins,  J.,  Hance,  A.,  McConnell,  S., 
Bradley,  K.  and  Crystal,  R.  Lung  Collagen:  Definition 
and  Synthesis.  Clin.  Res.  22^  198A,  1974 

Hance,  A.,  Bradley,  K. ,  McConnell,  S.,  Collins,  J.  and 
Crystal,  R.   Collagen  Heterogeneity  in  the  Lung. 
Clin.  Res.  22  504A,  1974 
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Project  Description: 

Objectives;   The  application  of  biochemical  technology  to  human  lung 
disease  is  limited  by  the  complexity  of  the  organ  and  the  unavailability 
of  large  quantities  of  lung  cells  from  patients  with  lung  disease. 
There  are  more  than  40  cell  types  in  lung,  and  some  of  these  cells  are 
responsible  for  the  synthesis  of  5  different  types  of  collagen  chains. 
When  the  lung  synthesizes  abnormal  amounts  of  collagen  in  response  to 
injury,  the  same  cells  normally  producing  collagen  may  proliferate; 
they  may  synthesize  relatively  more  collagen  or  cells  that  do  not 
normally  synthesize  collagen  may  be  "turned  on"  to  do  so.   One  of  the 
primary  objectives  of  this  laboratory  is  to  develop  the  technology  to 
culture  the  cells  from  lung  that  are  important  in  collagen  synthesis  in 
health  and  disease. 

Methods :  Fibroblasts  and  epithelial  cells  are  being  cultured  from 
animal  and  human  lung  using  conventional  techniques.   Once  the  cells 
reach  confluency  [^H]proline  is  added  to  the  Incubation  medium  and  the 
synthesis  and  secretion  of  collagen  by  these  cells  if  followed  by: 
incorporation  of  [^H]prollne  into  [^H]hydroxyproline,  sensitivity  to 
collagenase,  chromatography  on  ion-exchange  columns,  electrophoresis 
on  acrylamlde  gels  and  cyanogen  bromide  peptide  mapping. 

Major  Findings:  Fibroblasts  cultured  from  fetal  or  newborn  rabbit  lung 
and  human  fetal  lung  actively  synthesize  collagen.   The  collagen 
secreted  into  the  media  is  in  a  precursor  form  called  pro-a  chains. 
The  human  fibroblasts  (WI38)  synthesize  at  least  two  human  lung  a  chains, 
a(I)  and  a2.   The  newborn  rabbit  fibroblast  synthesizes  at  least  three 
rabbit  Itmg  a  chains,  a(I),  a2  and  a(III).  A  diploid  epithelial-type 
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cell  cultured  from  cat  lung  by  Dr.  Alexis  Knlezeff  at  the  University 
of  California  synthesizes  collagen  which  appears  different  from  all 
other  collagen  synthesized  by  lung  and  may  be  a  basement  membrane  type 
collagen.  The  conditions  for  culturlng  other  such  as  chrondroblasts, 
smooth  muscle  cells,  endothelial  cells,  and  other  epithelial  cells  are 
being  developed. 

Significance  to  Biomedical  Research  and  Institute  Program;  The  mechan- 
isms by  which  collagen  is  synthesized  and  degraded  in  the  lung  are 
fundamental  to  the  control  of  normal  lung  structure  and  function.   In 
the  f Ibrotlc  lung  disorders  these  mechanisms  are  presumably  deranged  so 
that  collagen  is  synthesized  in  either  abnormal  amounts  and /or  in  ab- 
normal regions  of  the  lung.   The  establishment  of  diploid  cell  lines  , 
of  the  cells  responsible  for  collagen  synthesis  in  health  and  disease 
will  allow  investigations  at  the  molecular  level.  This  Includes  iden- 
tification of  the  normal  mechanisms  and  how  these  are  varied  following 
lung  injury. 

Proposed  Course  of  Project;  There  will  be  continued  establishment  of 
different  cell  lines,  the  Investigation  of  the  type  of  collagen  synthe- 
sized by  each  and  inqul^ry  into  the  mechanisms  of  collagen  synthesis 
in  each.  One  area  of  particular  interest  is  the  synthesis  of  three 
different  collagen  chains  by  an  apparent  homogeneous  cell  fibroblast 
line.   Through  cloning  techniques,  it  should  be  possible  to  determine 
if  this  is  In  fact  a  single  cell  line.   If  so,  investigations  into  the 
quantitative  control  of  synthesis  and  degradation  of  each  collagen  tj^e 
will  be  done.  Once  these  techniques  are  established  in  normal  animal 
lung  cells ,  they  will  be  applied  to  the  study  of  human  cells  from  normal 
and  abnormal  lungs. 

Honors  and  Awards;  None 

Publications : 

Hance,  A.,  Bradley,  R. ,  McConnell,  S.  and  Crystal,  R. 
Collagen  Synthesis  in  Cultured  Lung  Cells.  Am.  Rev. 
Resp.  Disease  (in  Press) 
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Project  Description: 

Objectives:  The  structure  and  function  of  the  lung  are  directly 
associated  with  the  connective  tissue  comprising  it.  The  presence  of 
these  components  is  controlled  by  their  synthesis  and  proteolysis. 
Two  models  are  being  used  to  examine  the  control  of  synthesis  and  pro- 
teolysis of  connective  tissue  components:   (1)  changes  during  normal 
lung  growth  and  (2)  examination  of  "compensatory"  lung  growth  following 
unilateral  pneumonectomy. 

Methods : 

(A)  Protein  synthesis  during  Ixing  development.  Conditions  have  been 
established  to  examine  collagen  and  non-collagen  protein  synthesis  and 
proteolysis  in  short-teinn  explant  cultures.  Minces  from  rabbit  lungs 
obtained  at  different  ages  are  incubated  at  varying  times  in  the 
presence  or  absence  of  rabbit  serum.  Following  incubation,  the  rates 
of  synthesis  of  collagen  and  non-collagen  proteins  are  determined  and 
compared.  Measurement  of  the  molecular  weight  distribution  of  the 
labeled  collagen  in  the  tissue  gives  an  estimate  of  the  degree  of  colla- 
gen broken  down  after  synthesis. 

(B)  Lung  growth  following  pneumonectomy.  Adult  rabbits  undergo  uni- 
lateral pneumonectomy  while  paired  litter  mate  controls  undergo  thora- 
cotomy without  pneumonectomy.  At  intervals  following  surgery,  the 
lungs  are  examined  in  explant  culture  as  described  above. 
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(A)  Protein  synthesis  during  lung  development.  In  the  late  fetal  lung, 
approximately  3%  of  the  total  amino  acids  Incorporated  Into  protein 
per  hour  go  into  collagen.  In  the  newborn  period,  however,  there  is  a 
shift  in  the  emphasis  of  the  proteins  synthesized  by  the  lung  so  that 
..this  figure  rises  to  14%.  During  this  period  there  is  a  rapid  accumula- 
tion of  the  total  amount  of  collagen  in  the  lung  as  well  as  the  relative 
amount  of  collagen  per  unit  lung  mass.  By  adulthood,  the  level  of 
collagen  synthesis  returns  to  its  earlier  low  level  of  3%  and  the  accu- 
mulation of  collagen  in  the  lung  stops. 

(B)  Lving  growth  following  pneumonectomy.  Within  one  month  after  left 
pneimonectomy  in  the  adult  rabbit,  the  mass  of  the  right  lung  doubled. 
This  growth  can  be  characterized  by  a  period  of  rapid  collagen  accumula- 
tion preceded  by  a  shift  in  emphasis  of  total  protein  synthesis  toward 
collagen  synthesis.  As  a  result,  the  total  amount  of  collagen  doubles 
but  the  concentration  of  collagen  remained  constant.  This  is  in  con- 
trast to  neonatal  lung  growth  in  which  the  shift  in  protein  synthesis 
toward  collagen  accumulation  resulted  In  an  increased  concentration  of 
collagen. 

Significance  to  Biomedical  Research  and  Institute  Program;  These  two 
models  provide  a  means  to  study  the  lung  during  periods  of  "turning  off" 
or  "turning  on"  of  protein  synthesis.  Through  a  comprehensive  approach 
at  the  cellular  and  sub-cellular  levels,  it  should  be  possible  to 
understand  the  control  of  structural  and  non-structural  protein  synthesis 
in  the  Itmg.   This  has  obvious  applications  to  the  control  of  fibrosis 
In  the  interstitial  lung  diseases.  An  understanding  of  lung  growth 
will  hopefully  provide  means  to  approach  the  regeneration  of  functional 
alveolar  units  in  the  emphysematous  disorders. 

Proposed  Course  to  Project;  The  study  of  the  relative  rates  of  collagen 
and  non-collagen  protein  synthesis  during  lung  development  and  follow- 
ing pneumonectomy  is  now  complete.  The  next  steps  include; 

(1)  Quantitation  of  the  rates  of  proteolysis  of  collagen  synthesized 
in  vitro .   Investigations  into  the  factors  controlling  collagen  pro- 
teolysis including  serum  proteins  (al  and  a2  globulins) ,  collagenase 

and  other  proteases  synthesized  by  lung  cells,  and  proteolytic  enzymes 
brought  to  the  lung  by  macrophages  and  leukocytes. 

(2)  Isolation  of  the  factors  responsible  for  the  growth  of  the  lung 
following  unilateral  pneumonectomy.  Preliminary  studies  have  suggested 
that  obliteration  of  the  thoracic  space  left  by  removal  of  one  lung 
completely  stops  the  compensatory  growth  of  the  remaining  lung.   If  this 
is  true,  it  means  that  mechanical  factors  are  partially  responsible 

for  the  Initiation  of  complex  biochemical  events  In  the  remaining  lung 
including  cell  replication  and  protein  synthesis.  Possible  serum  lung 
growth  factors  will  also  be  investigated. 

(3)  Continued  investigations  of  the  subcellular  mechanisms  involved 
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in  the  control  of  the  synthesis  of  connective  tissue  proteins  during 
lung  growth  (see  Report  on  Mechanisms  of  Collagen  and  Non-Collagen 
Protein  Synthesis  in  Rabbit  Lung  Cell-Free  Systems) . 

(4)  Determination  of  the  rates  of  synthesis  of  lung  elastln  during 
development . 

Honors  and  Awards:  None 

Publications : 

Bradley,  K.  H. ,  McConnell,  S.  D.  and  Crystal,  R.  G. : 
Lung  Collagen  Composition  and  Synthesis:  Character- 
ization and  Changes  with  Age.  J.  Biol.  Chem.  249 
2674,  1974 

Cowan,  M.  and  Crystal,  R.  G. :  Biochemical  Correlates 
of  Lung  Growth  Following  Unilateral  Pneumonectomy. 
Clin.  Res.  21  985,  1973 

Cowan,  M.  J.  and  Crystal,  R.  G.   Collagen  Gene 
Expression  in  the  Remaining  Lung  Following  Unilateral 
Pneumonectony.  J.  Clin.  Invest,  (in  Press) 

Cowan,  M.  J.  and  Crystal,  R.  G. :  Collagen  Synthesis 
in  the  Right  Lung  Following  Unilateral  Pneumonectomy, 
(submitted) 


Serial  No.    NHLI-llirr.> 

1.  Pulmonary  Branch 

2.  Section  on  Pulmonary  Biochemistry 

3.  Bethesda,  Maryland 


PHS-NHLI 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 


Project  Title:   The  Composition  and  Synthesis  of  Collagen  in  Human  Limg 

Previous  Serial  Number:  NHLI-140(c) 

Principal  Investigators:  Ronald  G.  Crystal,  M.D. 
Kathryn  H.  Bradley,  M.S. 
Sally  McConnell-Breul,  M.S. 

Other  Investigators:  None 

Cooperating  Units:  None 

Project  Description: 

Objectives:  The  connective  tissue  of  the  lung  is  fundamental  for  lung 
structure  and  mechanical  properties.   In  addition,  the  interstitial 
limg  diseases,  many  of  which  result  in  pulmonary  fibrosis,  represent 
approximately  20%  of  lung  diseases  (other  than  the  infectious  diseases) . 
Almost  nothing  is  knovra  about  the  composition  of  human  lung  collagen 
nor  its  synthesis  and  regulation.  With  the  ultimate  aim  being  an  abil- 
ity to  control  pulmonary  fibrosis  through  molecular  mechanisms,  our 
laboratory  is  developing  the  technology  to  quant itate  human  lung  colla- 
gen composition  and  synthesis. 

Methods :  Lung  tissue  is  obtained  from  patients  undergoing  thoracetomy 
or  from  fetuses  following  therapeutic  abortion.   Intact  collagen  chains 
are  extracted  with  conventional  techniques.   Lung  collagen  is  synthe- 
sized in  short-term  explant  cultures  of  human  lung  and  compared  and 
identified  with  the  extracted  collagen  chains  by  ion-exchange  chromato- 
graphy, SDS  and  acidic  acrylamide  gels,  sensitivity  to  collagenase 
and  hydroxyproline  content.   Conditions  have  been  developed  to  quan- 
titate  and  compare  the  rate  of  collagen  synthesis  in  biopsies  from 
human  lung. 

Major  Findings:  At  least  two  collagen  chains,  al  and  a2  are  synthesized 
by  hvmian  lung  in  vitro .   In  the  adult  lung  approximately  4%  of  the 
amino  acids  incorporated  into  protein  per  hour  are  incorporated  Into 
collagen.   This  is  true  over  a  wide  age  range  and  in  the  second  trimes- 
ter of  development.   A  variable  proportion  of  these  collagen  sjmthesized 
in  vitro  is  subsequently  hydrolyzed  depending  on  the  conditions  used. 


376 


NHLI-lll(c) 
Significance  to  Biomedical  Research  and  Institute  Program;  In  the 

interstitial  lung  disorders,  the  lung  responds  to  Injury  by  producing 

fibrosis  resulting  In  functional  pathology  In  gas  exchange.   Through 

the  techniques  developed  In  our  laboratoi^.  It  should  be  possible  to: 

(1)  quantltate  the  degree  of  the  flbrotlc  process  (I.e.,  rate  of 

collagen  synthesis  relative  to  collagen  destruction)  (2)  develop  an 

in  vitro  system  for  testing  drug  efficacy  In  these  disorders. 

In  the  emphysematous  disorders  there  Is  destruction  of  the  connec- 
tive tissue  comprising  the  lung  with  either  absent  or  ineffective 
remodling  of  the  connective  tissue.   Of  particular  Interest  Is  the  al 
antitrypsin  group  of  patients,  who  have  an  Inherited  disorder  of  the 
serum  al  globulins  associated  with  emphysema.   The  techniques  described 
above  can  be  used  directly  to  test  the  Influence  of  the  serum  proteins 
on  protecting  the  lung  from  proteolysis. 

Proposed  Course  of  Project;   The  normal  patterns  of  collagen  synthesis 
and  degradation  will  be  quantitated  for  different  age  groups.   Once  a 
baseline  is  firmly  established,  it  will  be  possible  to  quantltate  the 
Influence  of  other  factors  (drugs,  al  globulins)  on  the  flbrotlc  process 
in  biopsy  specimens  from  patients  with  interstitial  disease.   It  should 
then  be  possible  to  predict,  for  each  patient,  which  drug(s)  will  be 
most  efficacious. 

Honors  and  Awards;  None 

Publications : 

Crystal,  R. ,  Bradley,  K. ,  McConnell-Breul ,  S., 

Collins,  J.,  Hance,  A.,  and  Cowan,  M. 

Collagen  in  the  Lung:  Development  of  a  Technology 

Applicable  to  Human  Lung  Disease.   Chest 

(in  Press) 
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Serial  No.    NHLI-112 

1.  Pulmonary  Branch 

2.  Section  on  Pulmonary  Biochemistry 

3.  Bethesda,  Maryland 


PHS-NHLI 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 


Project  Title:  Experimental  Models  of  the  Interstitial  Lung  Disorders 

Previous  Serial  Number:  None 

Principal  Investigators:  Ronald  G.  Crystal,  M.D. 

Sally  McConnell-Breul,  M.S. 

Other  Investigators:  None 

Cooperating  Units:  None 

Project  Description: 

Objectives:  A  major  goal  of  this  laboratory  is  to  understand  and 
eventually  control  the  mechanisms  involved  in  connective  tissue  synthesis 
and  degradation  in  human  lung  in  diseases  Involving  these  components. 
Because  the  availability  of  human  lung  biopsy  material  is  limited,  it 
necessitates  that  any  biochemical  techniques  applied  to  this  tissue  is 
worked  out  first  in  animal  models,  thus  insuring  the  maximum  amount  of 
information  and  the  maximum  benefit  to  the  patient.   For  that  reason, 
animal  models  of  interstitial  lung  disease  are  being  developed. 

Methods :   Silica  particles,  1-5  microns  in  diameter  are  injected 
intratracheally  in  6  week  old  rabbits.  At  intervals  following  exposure, 
the  animals  are  killed  and  measurements  are  made  of  lung  of  collagen 
content,  rates  of  collagen  synthesis  and  the  relative  proportion  of 
the  proteins  being  synthesized  that  are  collagen.  These  are  compared 
to  litter  mate  paired  controls.  Other  animal  models  being  developed 
inclxide  radiation  injury  and  hypersensitivity  to  inhaled  antigens  in 
previously  immunized  animals. 

Major  Findings:  Preliminary  data  with  the  rabbits  exposed  to  silica 
suggest  that  within  1  month  after  exposure,  the  total  lung  collagen, 
collagen  per  unit  mass  and  rates  of  collagen  synthesis  are  increased. 

Significance  to  Biomedical  Research  and  Institute  Program.   As  we  learn 
to  define  the  animal  model  f ibrotic  lung  disorders  on  the  types  and 
rates  of  collagen  synthesized,  we  can  apply  the  technology  learned 
from  tissue  culture  and  cell-free  systems  to  determine  where  the  con- 
trol points  are  that  may  be  interrupted  to  prevent  pulmonary  fibrosis. 
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Proposed  Course  to  Project.   Continued  development  of  these  models 
with  particular  emphasis  on  the  quantitative  description  of  the 
fibrotlc  process  including  the  type  of  collagen  synthesized  and  how 
this  may  be  Influenced  with  drugs.  Other  projects  in  our  laboratory 
such  as  cell-free  collagen  sjmthesls  and  tissue  culture  will  be 
applied  to  these  models  as  the  technology  develops. 


Honors  and  Awards:  None 
Publications:  None 
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Serial  No.      NHLI-113 


1.  Pulmonary  Branch 

2.  Section  on  Pulmonary  Biochemistry 

3.  Bethesda,  Maryland 


PHS-NHLI 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 


Project  Title:  Mechanisms  of  Collagen  and  Non-Collagen  Protein  Synthesis 
in  Rabbit  Lung  Cell-Free  Systems 

Previous  Serial  Number:  NHLI-139 

Principal  Investigators:  Ronald  G.  Cirystal,  M.D. 
James  F.  Collins,  Ph.D. 

Other  Investigators:  None 

Cooperating  Units:  None 

Project  Description: 

Objectives:  While  explant  culture  systems  are  adequate  for  the  identi- 
fication of  the  proteins  synthesized  by  lung,  it  does  not  have  the 
potential  to  understand  the  molecular  basis  of  protein  synthesis. 
Since  a  primary  goal  of  this  laboratory  is  to  understand  and  eventually 
control  the  mechanisms  of  lung  connective  tissue  synthesis,  it  is 
necessary  to  develop  systems  in  which  specific  identification  of  control 
mechanisms  can  be  identified.  For  this  reason,  a  cell -free  protein 
synthesizing  system  is  desirable  and  affords  an  opportunity  to  under- 
stand the  synthesis  of  the  limg  structural  proteins  at  several  levels. 

Methods :   The  components  necessary  for  a  partially  fractionated  cell- 
free  protein  synthesizing  system  have  been  isolated  from  rabbit  lung 
using  conventional  techniques.  These  components  include  polyribosomes, 
0.5M  KCl  polysome  wash  fraction  (including  initiation  factors),  elon- 
gation factors,  synthetases,  tRNA  and  post-translational  enzjnnes  (i.e., 
proline  hydroxylase) .   Several  classes  of  polysomes  are  examined  in- 
cluding those  bound  to  the  endoplasmic  reticulum  and  those  free  in  the 
cytoplasm.   The  identification  of  collagen  in  a  cell-free  system  is 
complex,  but  a  rapid  assay  using  purified  bacterial  collagenase  has  been 
used  with  success. 

Major  Findings:  An  active,  partially  fractionated  cell-free  system  has 
been  established  from  rabbit  lung.   In  addition,  the  lung  polysomes 
can  be  translated  in  heterologous  cell-free  systems  Including  the 
rabbit  reticulocyte  and  wheat  embryo.   Collagen  in  lung  is  synthesized 
on  large  polysomes  isolated  from  the  endoplasmic  reticulum  but  not  on 
free  cytoplasmic  polysomes.   Collagen  synthesis  in  the  cell-free  system 
has  been  identified  by  ion-exchange  colimm  chromatography,  SDS-acrylamide 

1  3«a. 


NHLI-113 
gels,  sensitivity  to  collagenase  and  the  synthesis  of  hydroxyprollne 
containing  peptides.  During  lung  development  there  are  significant 
changes  In  the  relative  proportion  of  lung  polysomes  that  synthesize 
collagen  suggesting  that  at  least  some  of  the  control  of  lung  collagen 
synthesis  may  be  due  to  changes  in  lung  collagen  gene  expression  or 
due  to  changes  in  the  number  of  lung  cells  that  synthesize  collagen. 

Significant  to  Biomedical  Research  and  Institute  Program;  At  each 
stage  of  development  of  the  other  projects  In  this  laboratory,  the  cell- 
free  system  can  be  applied  to  understand  the  control  of  synthesis  of 
structural  and  non-structural  proteins  in  the  lung.  Once  the  normal 
mechanisms  are  identified,  comparison  with  human  pathologic  states  will 
be  made.  For  example,  identification  of  an  increase  in  a  specific 
collagen  mKNA  is  a  certain  fibrotlc  lung  disease  that  may  help  Identify 
the  primary  pathology.   In  addition,  the  cell-free  system  is  readily 
adaptable  to  studying  molecular  control  mechanisms  and  identifying  vul- 
nerable steps  in  the  process  of  connective  tissue  synthesis  which  may 
be  influenced  to  treat  specific  himian  lung  disorders. 

Proposed  Course  to  Project;  As  the  cell-free  system  is  refined,  it  will 
be  used  to  quantltate  the  messenger  SNA  for  specific  collagen  chains. 
A  purified  collagen  mBNA  could  be  used  to  make  a  reverse  DNA  copy  to 
be  used  as  a  probe  for  quantltating  the  number  of  collagen  genes  during 
normal  lung  growth  and  in  the  fibrotlc  lung  disorders.   Techniques 
will  be  developed  to  establish  cell-free  systems  from  human  lung  in- 
cluding human  lung  cells  maintained  in  culture.   Investigations  will 
concentrate  on  identifying  the  molecular  mechanisms  controlling  normal 
lung  growth  and  the  fibrosis  of  lung  following  injury. 

Honors  and  Awards:  None 

Publications : 

Collins,  J.  F.,  Bradley,  K.  H. ,  McConnell-Breul ,  S., 
Hance,  A.  J.  and  Crystal,  R.  G.   In  Vitro  Synthesis 
of  Collagen  in  the  Lung.   Fed.  Proc.  33  1535,  1974 
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Serial  No.   NHLI-114(c) 

1.  Pulmonary  Branch 

2.  Section  on  Pulmonary  Physiology 

3.  Bethesda,  Maryland 


PHS-NHLI 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 


Project  Title:  Sites  of  Action  and  Physiologic  Iii5>ortance  of  Some 
Mediators  of  the  Type  I  Allergic  Reaction  in  Man 

Previous  Serial  Number:  NHLI-137(c) 

Principal  Investigator:  Harold  H.  Newball,  M.D. 

Other  Investigators:  Harry  R.  Keiser,  M.D. 

Marion  E.  Webster,  Ph.D. 
John  J.  Pisano,  Ph.D.  ■ 
Claude  J.  Lenfant,  M.D. 

Cooperating  Units:  Experimental  Theraf)eutics  Branch,  NHLI 

Project  Description:  . 

Objectives;  The  Type  I  allergic  reaction  in  man  as  exemplified  by  the 
acute  asthmatic  attack  is  thought  to  be  mediated  by  several  agents 
including:  histamine,  bradykinin,  and  prostaglandin  F2c{  (PGF2a) .  The 
sites  of  action  of  these  agents  and  their  relative  physiologic  impor- 
tance will  influence  the  type  and  mode  of  therapy  of  the  asthmatic 
patient.  We  are  presently  studying  the  relative  effects  and  sites  of 
action  of  bradykinin  and  histamine  on  the  respiratory  system  of  normal 
subjects  and  asthmatics.  We  are,  in  addition,  investigating  the 
effects  of  these  agents  on  the  in  vitro  human  bronchial  smooth  muscle, 
and  the  antigen-antibody  induced  release  of  mediators  from  the  passive- 
ly sensitized  lung. 

Methods:  Normal  and  asthmatic  subjects  have  been  given  Intravenous 
injections  of  bradykinin  and  PGF2(j,  and  aerosolized  .PGF2ct.  <  The  effects 
of  these  agents  on  the  various  sites  of  the  respiratory  tree  were  eval- 
uated with  conventional  respiratory  physiologic  techniques.  The  anti- 
gen-antibody induced  release  of  mediators  from  passively  sensitized 
lung  has  been  described  by  Dr.  Marion  E.  Webster  (Principle  Investigator) 
NHLI-76(c). 

Major  Findings:   Bradykinin  in  vivo  (1  yg/Kg)  and  in  vitro  has  no  signi- 
ficant physiologically  effect  on  normal  human  bronchi.   The  asthmatic 
bronchi  in  vivo  responds  to  intravenous  bradykinin  by  dilation.  This 
probably  represents  secondary  bronchodilation  from  bradykinin  induced 
adrenaline  release  by  the  adrenals.  Both  normal  and  asthmatic  subjects 
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show  evidence  of  bradykinln  Induced  alveolar  duct  constriction.  Neither 
normals  nor  asthmatics  show  any  significant  response  to  I.V.  PGF2ct, 
while  both  groups  are  sensitive  to  aerosolized  PGF2q[.  Asthmatics  will 
double  their  airway  resistance  when  only  a  few  micrograms  of  F6F2a 
reach  their  airways. 

Significance  to  Biomedical  Research  and  Institute  Program;  Since  brady- 
kinln appears  to  have  important  physiologic  effects  only  on  the  alveolar 
ducts,  therapeutic  modalities  will  be  directed  at  this  site  of  the 
respiratory  tree.   If  bradykinin  releases  adrenaline  in  asthmatics  as 
suggested  by  our  data,  the  reported  elevated  blood  kinln  in  asthmatics 
might  cause  a  continuous  release  of  adrenaline  which  may  contribute  to 
the  "epinephrine  fast"  condition  seen  during  the  severe  asthmatic 
attack.  All  of  the  commonly  used  bronchodilators  act  through  the  g-2 
receptor,  which  is  unresponsive  in  the  "epinephrine  fast"  condition. 
This  suggests  the  need  for  developing  bronchodilators  that  act  by 
mechanisms  other  than  the  stimulation  of  the  3-2  receptor.  Asthmatic 
airways  are  exquisitely  sensitive  to  PGF2c(.  The  human  lung  synthesizes 
PGF2o{  during  the  Type  I  allergic  reaction.  PGF2Q  is  potentially  an 
important  chemical  mediator  of  the  Type  I  allergic  reaction. 

Proposed  Course  to  Project;  The  studies  of  antigen-antibody  induced 
release  of  mediators  from  passively  sensitized  human  limg  will  be 
continued  in  collaboration  with  Dr.  Marion  Webster. 

Honors  and  Awards:  None 

Publications : 

1.  Newball,  H.  H.  and  Reiser,  H.  R.  Relative  Effects  of 
Bradykinin  and  Histamine  on  the  Respiratory  System 

.of  Man.  J.  Appl.  Phys.,  October  1973,  35:552 

2.  Newball,  H.  H. ,  M.D.  Response  of  Asthmatic  Airways 

to  Intravenous  Bradykinin  and  Histamine.  Med.  Ann.  of 
D.  C.,  March  1974,  43:111 

3.  Webster,  M.  E. ,  Newball,  H.  H. ,  Oh-ishi,  S., 
Takahashi,  H. ,  Horakova,  Z.,  Atkins,  F.  L.  and  Beaven, 
M.  A. :  Release  of  Histamine  and  Arglnine  Esterase 
Activity  from  Passively  Sensitized  Human  Lung  by 
Ragweed  Antigen.   Cience  e  Cultura  (in  press) 

4.  Reynolds,  H.  Y.  and  Newball,  H.  H.  Analysis  of  Proteins, 
Lipids,  and  Respiratory  Cells  Obtained  from  Himian  Lungs 
by  Bronchial  Lavage.  J.  Lab.  Clin.  Med.  (in  press) 
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ANNUAL  REPORT  OF  THE 

CARDIOLOGY  BRANCH 

NATIONAL  HEART  AND  LUNG  INSTITUTE 

July  1,  1973  through  June  30,  1974 

The  experimental  Interests  of  the  Cardiology  Branch  developed  over  the  past 
few  years  have  continued.   These  relate  to  the  pathogenesis,  pathophysiology, 
and  treatment  of  coronary  artery  disease;  the  ultras true tural  and  molecular 
mechanisms  responsible  for  normal  and  impaired  contractile  function  of  the 
heart;  development  of  the  diagnostic  and  investigational  capabilities  of 
echocardiography;  application  of  echocardiographic,  biochemical,  and  electron 
microscopic  techniques  to  define  the  basic  developmental  pathophysiology, 
genetics  and  epidemiology  of  asymmetric  septal  hypertrophy,  or  ASH;  and  the 
application  of  multidisciplinary  techniques  to  define  the  determinants  of 
irreversible  heart  failure  in  patients  with  valvular  disease  and  how  such  in- 
formation can  be  used  to  determine  optimal  time  for  surgical  intervention. 

CORONARY  ARTERY  DISEASE 

Pharmacologic  Treatment  of  Acute  Myocardial  Infarction 

I)  Vagal  Tone  in  Acute  Myocardial  Infarction.   It  is  commonly  believed  that 
bradycardia  is  a  dangerous  complication  of  acute  myocardial  infarction  (AMI) . 
As  a  result,  atropine  has  been  administered  routinely  to  all  patients  with  AMI 
who  develop  heart  rates  <^60.   Over  the  past  two  years,  we  have  performed  several 
studies  to  determine  the  role  of  vagally-mediated  bradycardia  in  AMI. 

1)  The  results  of  our  initial  series  of  studies  were  unexpected,  in  that 
they  demonstrated  a  protective  role  of  the  vagus  and  of  bradycardia  on  ven- 
tricular fibrillation  (VF)  threshold  and  the  incidence  of  serious  ventricular 
arrhythmias  during  acute  coronary  occlusion.   More  recently  we  showed  that 
vagally-mediated  bradycardia  decreases  the  incidence  of  spontaneous  VF  in  ex- 
perimental acute  coronary  occlusion. 

2)  Because  our  earlier  studies  tended  to  suggest  that  an  increase  in  heart 
rate  produced  by  vagal  withdrawal  had  more  profound  deleterious  effects  on 
ventricular  electrical  stability  than  comparable  increases  in  rate  produced  by 
atrial  pacing,  we  studied  the  role  of  the  vagus  per  se  on  development  of 
ventricular  arrhythmias.   We  found  that  vagal  stimulation,  independent  of 
changes  in  heart  rate,  enhanced  electrical  stability  of  the  ventricle  and 
reduced' the  incidence  of  spontaneous ly  occurring  VF  during  acute  coronary 
occlusion  in  dogs.   We  next  localized  the  cholinergic  pathways  responsible  for 
the  vagally-mediated  enhancement  of  ventricular  electrical  stability.   In  dogs, 
we  found  that  ventricular  conduction  (Purkinje)  fibers  were  encapsulated  by 
nimierous  cholinergic  nerves.   In  htmian  hearts,  rich  cholinergic  innervation 

of  the  SA  node,  atrial  myocardium  and  AV  node  was  identified.   Cholinergic 
Innervation  of  ventricular  myocardium,  however,  was  largely  limited  to  the 
ventricular  conduction  system  and  took  the  form  of  numerous  nerve  fibers 
running  parallel  to  the  Purkinje  fibers  in  the  left  bundle.   Thus,  human  ven- 
tricles contain  cholinergic  pathways  similar  to  those  in  the  canine  heart 
which,  in  the  dog,  are  responsible  for  enhancing  ventricular  electrical  sta- 
bility.  We  conclude  that  1)  stimulation  of  the  vagus  nerve  decreases 
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vulnerability  of  the  ventricle  to  fibrillation  and  2)  this  action  is  mediated 
by  a  rich  network  of  cholinergic  neirvea  intimately  related  to  Purkinje  fibers 
in  the  ventricular  septum. 

3)  Assuming  the  protective  effect  of  the  vagus  to  be  mediated  through 
acetylcholine  release,  we  hypothesized  that  inhibition  of  acetylcholinasterase 
(a  pharmacologic  intervention  with  potential  clinical  applicability)  also 
would  enhance  electrical  stability  of  acutely  ischemic  myocardium.  Indeed,  we 
found  that  edrophonium  increased  VF   threshold  both  under  control  conditions 
and  during  ischemia,  indicating  that  the  salutary  effects  of  vagal  stimulation 
are,  in  all  probability,  mediated  through  acetylcholine  release. 

II)  Nitroglycerin  in  Acute  Myocardial  Infarction.  Nitroglycerin  (TNG)  gen- 
erally is  believed  contraindicated  in  AMI  because  of  the  potential  deleterious 
effects  of  a  decrease  in  blood  pressure  (and  thereby  coronary  perfusion  pressure) 
and  reflex  increase  in  heart  rate.   In  the  past  two  years  we  have  conducted 
several  studies,  the  results  of  which  suggest  that  TNG  may  be  uniquely  valuable 
in  the  treatment  of  AMI. 

1)  We  found,  as  expected,  that  hypotension  increases  the  degree  of  ischemic 
injury  occurring  during  acute  coronary  occlusion;  however,  identical  levels  of 
hypotension  produced  by  TNG  reduce  ischemia.   Moreover,  when  arterial  pressure 
is  held  constant  by  simultaneous  infusion  of  an  alpha  receptor  agonist  (me thoxa- 
mine  or  phenylephrine),  the  ischemic  insult  is  reduced  further.   Although  these 
results  were  encouraging,  the  studies  were  conducted  in  dogs  with  acute  occlu- 
sion of  the  LAD  but  with  otherwise  normal  coronary  arteries;  in  man,  AMI 
usually  takes  place  in  the  presence  of  chronic  multlvessel  coronary  occlusive 
disease.   Therefore,  we  next  examined  the  influence  of  TNG  on  acute  ischemia 

in  dogs  that  had  chronic  multlvessel  coronary  occlusive  disease  produced  by 
prior  placement  of  ameroid  constrictors  around  the  obtuse  marginal  and  posterior 
descending  coronary  arteries.   We  found  that  even  in  the  presence  of  pre- 
existing multlvessel  coronary  occlusion,  a)  TNG  reduces  ischemic  injury  during 
experimental  coronary  occlusion  provided  arterial  pressure  and  heart  rate 
responses  are  not  excessive  and  b)  consistent  improvement  occurs  when  pressure 
and  rate  responses  are  abolished  by  an  alpha  adrenergic  agonist.  Additional 
studies  demonstrated  that  the  diminution  in  ischemic  injury  produced  by  TNG  is 
associated  with  a)  increased  electrical  stability  of  the  heart,  an  effect 
enhanced  when  arterial  pressure  was  restored  by  simultaneous  infusion  of  phenyl- 
ephrine and  b)  reduced  incidence  of  spontaneously  occurring  VF  and  death  during 
AMI. 

2)  Because  of  the  consistent  results  of  our  animal  investigations,  we  have 
embarked  on  a  series  of  studies  designed  to  determine  the  efficacy  of  TNG  alone 
and  with  its  hypotensive  effects  prevented  with  phenylephrine,  in  reducing 

the  extent  and  severity  of  myocardial  Injury  sustained  during  AMI  in  man. 
Efficacy  is  being  assessed  by  analyzing  ST  segment  elevation  obtained  from  35 
precordial  leads  (precordial  mapping  technique) .   Our  preliminary  results 
suggest  that  conclusions  derived  from  our  experimental  work  in  the  dog  are 
applicable  to  man  and  that  TNG  may  be  of  significant  benefit  in  reducing  is- 
chemic injury  and  its  sequela  during  AMI  in  man. 
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Surgical  Therapy  of  Coronary  Artery  Disease 

Despite  the  enormous  number  of  aor to-coronary  bypass  grafts  being  performed 
worldwide,  little  is  known  of  the  effects  of  operation  on  overall  and  regional 
myocardial  function  or  the  long-term  patency  of  bypass  grafts.  We  have  found 
that  regardless  of  graft  patency,  most  patients  Improved  clinically  after 
aor to-coronary  bypass.  Despite  this,  however,  deterioration  of  myocardial 
function  is  not  uncommon,  even  when  grafts  are  patent.   It  therefore  is  apparent 
that  aorto-coronary  bypass  operations  may  precipitate  myocardial  damage.  We 
also  have  reevaluated  patients  late  postoperatively  (15  to  36  months)  following 
saphenous  vein  bypass  operation.   We  found  that  vein  grafts,  which  within 
three  to  nine  months  following  bypass  operation  are  widely  patent  and  have 
good  run-off,  are  anatomically  and  functionally  stable  during  the  ensuing 
several  years. 

Diet- Drug  Type  II  Intervention  Study 

One  of  the  most  Important  aspects  of  the  coronary  artery  disease  problem  is 
the  development  of  potent  preventive  therapy.   Evaluation  of  one  such  approach 
has  been  initiated  In  collaboration  with  the  Lipid  Metabolism  Branch  and  is 
known  as  the  NHLI  Type  II  Coronary  Intervention  Study.   The  primary  question 
we  hope  to  answer  is  whether  lowering  blood  cholesterol  with  diet  and  cholesty- 
ramine in  patients  with  Type  II  hyperlipoproteinemia  beneflcally  affects  the 
atherosclerotic  process.   The  major  criterion  we  will  employ  to  answer  this 
question  is  whether  there  is  regression  of  anatomic  disease  or  evidence  of 
slower  progression,  conclusions  that  will  be  based  on  coronary  arteriograms. 
The  program  Is  now  well  under  way,  and  some  of  the  information  that  has 
emerged  to  date  is  detailed  in  another  section  of  the  annual  report. 

In  addition  to  the  primary  question,  the  screening  of  numerous  patients  for 
entry  into  the  Investigation  has  led  to  several  fall-out  studies.   For  example, 
the  ECG  response  to  exercise  has  been  used  as  a  reliable  test  to  screen  for 
the  presence  or  absence  of  coronary  artery  disease.   Since  this  test  con- 
stituted one  of  the  screening  studies  for  patients  entering  the  Type  II  Inter- 
vention Study,  we  had  the  opportunity  to  evaluate  the  sensitivity  and 
specificity  of  this  test  in  both  symptomatic  and  asymptomatic  subjects.   Of 
interest,  we  found  65%  of  subjects  had  false-negative  ECG  exercise  tests,  and 
55%  had  false-positive  responses.   Hence,  while  exercise  testing  may  have 
epidemiologic  value  when  employed  in  the  study  of  large  populations,  its 
applicability  as  a  diagnostic  tool  in  the  individual  patient  is  questionable. 

ECHOCARDIOGRAPHIC  STUDIES 

Asymmetric  Septal  Hypertrophy,  or  ASH  (IHSS) 

Over  the  past  dozen  years,  our  understanding  of  the  disease  spectrum  em- 
bracing IHSS  has  advanced  considerably.   Originally,  it  was  considered  that 
all  patients  with  IHSS  had  a  dynamic  form  of  subaortic  stenosis.   Subsequently, 
it  was  recognized  that  LV  outflow  obstruction  was  only  one  manifestation,  and 
an  inconsistent  one,  of  a  disease  that  is  basically  a  cardiomyopathy.   Further 
advances  in  our  understanding  of  the  genetic,  epidemiologic,  and  pathophysio- 
logic aspects  of  this  disease  were  frustrated  by  a  lack  of  a  sensitive  non- 
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invasive  method  for  disease  detection.  We  have  found,  however,  that  echo- 
cardiography is  an  extraordinarily  powerful  technique  for  diagnosing  IHSS. 
Employing  both  echocardiography  and  ultr'astructural  analysis  of  myocardium 
obtained  from  patients  undergoing  cardiac  surgery,  we  have  determined  that  the 
disease  is  genetically  transmitted  and  have  defined  its  pathophysiologic  spectrum. 

1)  First,  we  found  that  asymmetric  septal  hypertrophy  (ASH) ,  characterized 
by  a  ventricular  septum  at  least  1.3  times  the  thickness  of  the  posterobasal 
LV  free  wall,  was  found  by  echocardiographic  examination  in  virtually  all 
patients  with  obstructive  and  nonobstructive  IHSS;  it  was  present  only 
occasionally  in  patients  with  other  forms  of  heart  disease.  Using  ASH  (de- 
tected echocardiographically)  as  the  disease  marker,  we  found  that  ASH  is  al- 
ways familial  and  is  transmitted  as  an  autosomal  dominant  trait  with  a  high 
degree  of  penetrance.   These  studies  also  demonstrated  that:  a)  the  classic 
obstructive  form  of  ASH  (IHSS)  constitutes  a  relatively  small  portion  of  the 
entire  disease  spectrum;  b)  most  patients  with  ASH  are  asymptomatic  or  have 
only  mild  symptoms;  c)  the  absence  of  typical  physical  findings  makes  clinical 
diagnosis  of  nonobstructive  ASH  difficult;  d)  echocardiography  is  the  simplest 
and  most  reliable  means  of  establishing  the  diagnosis. 

2)  Considerable  debate  has  surrounded  the  role  of  operation  in  patients  with 
obstructive  ASH  since  many  clinicians  consider  the  disease  to  be  a  diffuse 
cardiomyopathy.   Previous  studies  showed  that  abnormal  cellular  morphology  is 
present  in  the  ventricular  septum  of  patients  with  ASH.   The  morphologic 
characteristics  of  the  cells  was  sufficiently  unusual  to  suggest  to  us  that 
this  cellular  defect  might  represent  the  morphologic  marker  of  the  genetically- 
determined  primary  myocardial  defect.   Studies  were  undertaken,  therefore,  to 
study  the  distribution  of  the  myocardial  defect  present  in  patients  with  ASH. 
Myocardium  was  obtained  both  at  operation  and  at  necropsy.   We  found  that  many 
hypertrophied,  bizarrely  shaped,  abnormally  arranged  cardiac  muscle  cells  were 
present  in  the  ventricular  septum  of  all  patients  with  ASH.   In  patients  with 
obstructive  ASH,  these  abnormalities  were  either  absent  or  rarely  found  in 
muscle  from  the  left  and  right  ventricular  free  walls.   This  observation 
suggests  that  functional  limitation  in  these  patients  is  due  largely  to  LV  out- 
flow obstruction.   In  contrast,  numerous  disorganized  cells  were  extensively 
distributed  in  the  left  and  right  ventricular  free  walls  from  symptomatic 
patients  with  nonobstructive  ASH,  suggesting  that  these  abnormalities  probably 
contribute  importantly  to  functional  impairment  in  such  patients. 

3)  These  observations  led  to  the  question  as  to  why  obstruction  should  be 
present  only  in  patients  in  whom  the  myocardial  defect  is  limited  primarily  to 
the  ventricular  septum,  and  absent  in  symptomatic  patients  in  whom  diffuse  dis- 
tribution of  the  myocardial  defect  is  diffuse.  Obstruction  in  patients  with 
ASH  is  produced  by  an  abnormal  forward  movement  (toward  the  ventricular  septum) 
of  the  anterior  mi'-ral  leaflet  during  systole.   The  mechanisms  responsible  for 
this  movement  are  unknown.   However,  our  echocardiographic  studies  demon- 
strated that,  compared  to  normal,  the  mitral  valve  in  patients  with  obstructive 
ASH  lies  more  anteriorly  (i.e.,  closer  to  the  septum)  even  at  the  onset  of 
systole  (i.e.,  prior  to  ejection),  a  finding  suggesting  that  the  leaflets  are 
tethered  forward  as  the  ventricle  is  beginning  to  contract.   We  also  found  that 
the  ventricular  septum  in  patients  with  obstruction  is  more  hypertrophied  than 
in  patients  without  obstruction;  both  changes  cause  narrowing  of  the  LV  outflow 
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tract.   We  hypothesized  that  the  resulting  narrowed  outflow  tract  at  onset  of 
ejection  predisposes  to  the  production  of  a  high  velocity  jet  between  the  sep- 
tum and  anterior  mitral  leaflet,  resulting  in  a  Venturi  effect  and  thereby  con- 
tributing to  the  leaflet's  anterior  movement  during  systole.   If  such  a 
mechanism  is  operative,  it  may  explain  why  patients  with  obstruction  do  not 
have  extensive  involvement  of  the  LV  by  the  myocardial  defect ,  while  patients 
without  obstruction  do.   Thus,  if  two  preconditions  are  necessary  for  obstruc- 
tion; i.e.,  a  ndrrow  tract  at  djnset  of  systole  and  a  high  velocity  jet  during 
ejection,  it  is  likely  that  the  velocity  of  fiber  shortening  in  patients  with 
diffuse  LV  disease  will  not  be  sufficient  to  cause  the  anterior  mitral  leaflet 
to  move  anteriorly  and  abut  against  the  septum. 

4)  That  patients  with  obstructive  ASH  experience  significant  symptomatic 
Improvement  if  the  LV  outflow  gradient  is  abolished  is  reinforced  by  our  opera- 
tive experience  obtained  in  collaboration  with  the  Surgical  Branch.   Clinically 
and  hemodynamically,  virtually  all  of  the  over  70  patients  operated  on  with 
obstructive  ASH  have  improved.   We  also  have  studied  28  patients  from  2  to  11 
years  (mean  6.5  years)  after  operation  by  echocardiography  or  catheterization. 
No  patient  has  evidenced  recurrence  of  LV  outflow  obstruction  and  virtually  all 
patients  have  maintained  symptomatic  improvement.   It  therefore  is  apparent 
that  LV  outflow  obstruction  is  a  major  cause  of  symptoms  in  such  patients.   More- 
over, our  results  suggest  that  the  myocardial  defect  in  patients  with  the 
obstructive  form  of  ASH  is  either  not  progressive,  or  that  the  rate  of  progres- 
sion is  very  slow. 

5)  Several  other  studies  relating  to  ASH  are  in  progress .   a)  In  one  such 
study,  we  found  that  ASH  may  present  clinically  in  infancy  and  lead  to  con- 
gestive heart  failure  and  death  within  the  first  few  months  of  life,   b)  We 
are  also  in  the  process  of  evaluating  the  hypothesis  that  ASH  may  be  a  cause  of 
the  sudden  infant  death  syndrome.   The  results  of  our  studies  to  date  are  in- 
conclusive.  Our  data  demonstrate  that  ASH  may  indeed  be  a  cause  of  sudden  in- 
fant death,  but  whether  it  is  a  rare  or  frequent  cause  is  still  undergoing 
evaluation,   c)  The  natural  history  of  ASH  in  childhood  is  being  determined. 

Of  interest,  over  30%  of  our  patients  followed  an  average  of  7  years  have  ex- 
perienced a  cardiac  arrest  since  initial  evaluation;  3  of  these  11  patients 
were  asymptomatic,  6  were  mildly  symptomatic,  and  2  were  severely  symptomatic. 
Our  preliminary  data  therefore  suggest  that  patients  with  ASH,  in  whom  clinical 
recognition  of  the  disease  occurs  during  childhood,  have  a  relatively  high  risk 
of  developing  a  sudden  catastrophic  cardiac  event. 

Studies  on  Skylab  III  Astronauts 

Future  space  programs  planned  by  NASA  call  for  the  exposure  of  man  to  pro- 
longed episodes  of  weightlessness.   From  previous  NASA  studies  of  astronauts 
returning  from  space  missions,  it  was  clear  that  profound  but  apparently  rever- 
sible changes  occurred  in  various  bodily  functions.   However,  the  effects  of 
prolonged  weightlessness  on  cardiac  function  was  unknown.   Several  observations 
raised  the  suspicion  that  the  heart  might  have  been  affected  adversely.   How- 
ever, since  the  magnitude  of  most  parameters  of  cardiac  function  is  dependent 
on  LV  end-diastolic  fiber  length  (and  thus  LV  end-diastolic  volume) ,  deviations 
from  normal,  without  reference  to  existing  LV  end-diastolic  volume,  may  merely 
reflect  diminished  cardiac  filling  rather  than  a  primary  aberration  of  cardiac 
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function.   By  taking  advantage  of  the  capabilities  of  echocardiography  to 
measure  noninvasively  LV  volume,  stroke  volume,  and  ejection  fraction,  we 
demonstrated  that  in  two  of  the  three  Sky lab  III  astronauts,  LV  volume  was 
decreased  slightly  post-flight.   By  constructing  ventricular  function  curves 
(employing  lower  body  negative  pressure  and  echocardiography) ,  we  determined 
that  cardiac  function  was  normal  relative  to  the  existing  end-diastolic  volume 
in  all  three  astronauts,  indicating  that  no  deterioration  in  ventricular 
function  had  occurred  during  85  days  in  space.   Thus,  any  change  in  measured 
cardiovascular  function  in  response  to  prolonged  weightlessness  is  due  to 
changes  in  cardiac  filling  rather  than  to  alterations  In  the  intrinsic  con- 
tractile state  of  the  heart. 

Diagnosis  of  Cyanotic  Congenital  Heart  Malformations  by  Real  Time  Two- 
Dimensional  Echocardiography 

The  recent  development  of  a  sector-scanner  that  produces  real-time,  two- 
dimensional  echocardiograms  has  made  possible  cross-sectional  imaging  of  the 
heart.   This  technique  allows  satisfactory  visualization  of  the  great  vessels 
at  their  origin,  of  the  relationship  of  the  ventricles,  and  of  the  presence  or 
absence  of  the  ventricular  septum.   Studies  in  adults  as  well  as  infants  with 
various  types  of  congenital  malformations  have  demonstrated  that  two-dimensional 
echocardiography  is  a  quick,  noninvasive  and  extremely  powerful  technique  for 
diagnosing  the  various  patterns  of  transposition  of  the  great  vessels,  of 
distinguishing  these  abnormalities  from  tetralogy  of  Fallot,  and  of  determining 
the  presence  or  absence  of  a  ventricular  septum.   Such  a  technique  would  appear 
to  represent  an  extremely  important  advance  in  diagnostic  cardiology;  it 
provides  additional  information  that  cannot  be  obtained  by  angiography,  and  of- 
ten will  obviate  the  need  for  angiographic  studies,  particularly  in  some 
seriously  ill  infants  with  cyanotic  congenital  heart  disease. 

Relation  Between  Left  Atrial  Size  and  Development  of  Atrial  Fibrillation  in 
Patients  With  Mitral  Valve  Disease 

Systemic  embolization,  a  serious  complication  of  mitral  valve  disease,  usual- 
ly occurs  in  patients  in  atrial  fibrillation  (AF)  and  particularly  in  those  who 
recently  have  converted  from  normal  sinus  rhythm  to  AF.   It  therefore  would  be 
important  to  identify  patients  in  NSR  who  are  at  risk  of  developing  AF.  We 
found  that  a  left  atrial  size  >40  mm  by  echocardiography  in  patients  >40  years 
of  age  who  have  mitral  disease  and  NSR  appears  to  identify  a  group  at  high 
risk  of  developing  AF  and  possibly  systemic  embolization. 

The  Athlete  Heart 

Trained  athletes  have  enlarged  hearts  on  x-ray.   However,  little  is  known 
about  this  condition.   To  better  define  the  "athlete  heart",  we  determined  by 
echocardiography  LV  volume,  wall  thickness  and  mass  in  42  actively  competing 
college  athletes  and  14  world  class  athletes.   We  found  that  athletes  competing 
in  events  requiring  strenuous  isotonic  exercise  (swimmers  and  long  distance 
runners)  had  increased  LV  volimie  without  increased  wall  thickness,  a  condition 
similar  to  that  present  in  cardiac  patients  with  chronic  volume  overloads  (i.e., 
aortic  regurgitation) ;  athletes  competing  in  isometric  events  (wrestlers  and 
shot  putters)  had  increased  wall  thickness  without  increased  LV  volume,  as  do 
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patients  with  a  pressure  loaded  LV  (i.e.,  aortic  stenosis). 

Echocardlographlc  Assessment  of  Cardiomyopathies 

Classification  of  cardiomyopathies  has  proven  to  be  difficult  by  conventional 
techniques.   Using  echocardiography,  we  have  developed  what  we  believe  to  be  a 
clinically  useful  classification  system.  Patients  can  be  divided  into  dilated 
cardiomyopathies,  patients  with  normal  LV  volumes  with  concentrically  hyper- 
trophled  walls,  and  patients  with  normal  LV  volumes  with  ASH.   Our  studies  have 
indicated  that  many  secondary  cardiomyopathies  (alcoholic,  amyloidosis,  chronic 
idiopathic  hypereosinophilla,  hemochromotosis,  etc.)  fall  into  either  of  the 
first  two  groups.  Patients  previously  classified  as  idiopathic  LV  hypertrophy 
were  either  found  to  have  classic  ASH,  or  had  normal  hearts  and  had  been 
diagnosed  incorrectly  as  having  LV  hypertrophy  on  the  basis  of  ECG  criteria 
that  resulted  in  false-positive  diagnoses  of  LVH.   This  classification  system 
markedly  simplified  diagnosis  of  patients  presenting  with  a  cardiomyopathy. 

VALVULAR  HEART  DISEASE 

Elucidation  of  the  Determinants  of  Irreversible  Myocardial  Failure 

Although  most  patients  with  rheumatic  valvular  disease  improve  following 
operative  intervention,  there  are  patients  In  whom  a  dilated  heart  does  not  re- 
gress in  size  and  in  whom  any  improvement  in  symptoms  is  minimal.  Therefore, 
we  have  initiated  a  multldisclplinary  study  to  define  prospectively  1)  whether 
a  particular  grouping  of  preoperative  functional  derangements  leads  to  pro- 
hibitive operative  risks,  and  2)  what  type  of  derangements  can  be  reversed  or 
improved  by  operative  abolition  of  the  mechanical  defect.  Evaluation  of  myo- 
cardial function  includes  exercise  testing  and  calculation  of  ventricular 
volumes,  ejection  fraction,  mean  VCF,  etc.  (as  determined  by  cardiac  catheteri- 
zation and  echocardiography) .   In  addition,  biopsies  are  being  obtained  for 
electron  microscopic  analysis  as  well  as  biochemical  assessment  of  the  con- 
tractile proteins.   Preliminary  analysis  of  the  comparative  pre-  and  post- 
operative data  of  one  group  of  patients  -  those  with  isolated  aortic  regurgi- 
tation, has  been  performed.  We  found  that  once  ejection  fraction  falls  in 
patients  with  aortic  regurgitation,  it  is  irreversibly  depressed.  Although  such 
patients  survive  operation,  they  are  left  with  a  large  heart  that  is 

contracting  poorly.   Another  retrospective  analysis  of  long-time  survival  in 
patients  we  operated  on  for  aortic  regurgitation  demonstrated  that  although  pre- 
operative heart  size,  as  assessed  radiographically,  did  not  correlate  with 
long-term  survival,  change  in  heart  size  as  assessed  over  the  first  4-6  months 
following  operation  did.   Thus,  85%  of  patients  operated  upon  for  aortic  re- 
gurgitation whose  cardiothoracic  ratios  decreased  survived  6  years.   In  con- 
trast, only  43%  of  patients  (p<.02)  whose  heart  size  did  not  change  or  whose 
heart  size  Increased  survived  6  years.   Our  findings  are  therefore  compatible 
with  the  hypothesis  that  at  least  two  different  mechanisms  are  responsible  for 
the  LV  dilating  in  patients  with  aortic  regurgitation.  The  chamber  may  be 
grossly  dilated  because  of  a  large  regurgitant  volume,  but  contractile  function 
may  be  good  (i.e.,  ejection  fraction  is  normal).   In  these  patients,  opviative 
relief  of  regurgitation  causes  LV  size  to  diminish  appreciably  and  long-tertr. 
prognosis  is  good.   Alternatively,  the  LV  may  be  grossly  dilated  in  the  presence 
of  only  moderate  regurgitation  if  ejection  fraction  is  reduced.  Operative 
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relief  of  regurgitation  in  these  patients  would  presumably  cause  less  diminution 
of  LV  size  and  be  associated  with  a  poorer  long-term  prognosis.   These  findings 
are  now  being  applied  to  patients  followed  in  our  OPD  to  determine  whether 
echocardiographic  assessment  of  changes  in  LV  volume  and  ejection  fraction  pro- 
vides a  more  sensitive  means  than  the  traditional  clinical  parameters  to  judge 
when  operation  should  be  performed. 

Effects  of  Nitroglycerin  on  Exercise  Capacity  and  on  the  Hemodynamic  Response 
to  Exercise  in  Patients  with  Valvular  Heart  Disease 

Although  the  use  of  TNG  has  been  traditionally  reserved  for  patients  with 
coronary  artery  disease,  we  are  determining  the  effects  of  TNG  on  1)  treadmill 
exercise  capacity  and  2)  the  pulmonary  arterial  pressure  and  cardiac  output 
response  to  exercise.   Our  preliminary  results  have  been  extremely  encouraging 
insofar  as  all  patients  studied  have  experienced  a  considerable  increase  in 
exercise  capacity  as  well  as  significant  decreases  in  pulmonary  arterial 
pressure  and  increases  in  cardiac  output  during  exercise.   Our  results,  there- 
fore, suggest  that  vasodilator  therapy  may  be  a  useful  adjunct  in  the  pharma- 
cologic management  of  patients  with  valvular  heart  disease. 

MOLECULAR  MECHANISMS  RESPONSIBLE  FOR  CARDIAC  CONTRACTION 
AND  FOR  ALTERATIONS  IN  CONTRACTILITY  PRODUCED  BY  DISEASE 

The  Section  on  Molecular  Cardiology  has  continued  research  in  two  areas:   a) 
phosphorylation  of  platelet  myosin  and  b)  characterization  of  human  heart  con- 
tractile proteins.   It  has  also  initiated  research  into  the  area  of  contractile 
proteins  from  embryonic  and  malignant  cells. 

1)  The  enzyme  responsible  for  phosphorylation  of  platelet  myosin  has  been 
purified  five  hundred  fold.   It  is  dependent  on  the  presence  of  Mg2+  for  acti- 
vity and  can  phosphorylate  the  light  chains  of  other  myosins,  particularly 
those  similar  to  smooth  muscle.   It  cannot  phosphorylate  the  myosin  light 
chains  of  skeletal  and  cardiac  muscle,  the  former  acting  as  a  competitive  in- 
hibitor.  2)  Evidence  that  suggests  that  myosin  phosphorylation  occurs  under 
physiological  conditions  was  obtained  by  incubating  fresh  (live)  platelets  with 
33p.   Myosin,  alone  of  all  the  proteins  isolated  from  these  platelets,  was 
found  to  be  radioactively  labeled.   The  labeling  was  again  specific  for  the 
20,000  molecular  weight  light  chain.   3)  The  function  of  myosin  phosphorylation 
is  being  studied.   Evidence  has  been  obtained  that  suggests  that  phosphorylation 
is  either  necessary  or  enhances  actin  activation  of  platelet  myosin.   Should 
phosphorylation  be  substantiated  as  controling  myosin-actin  interaction,  it 
would  be  a  major  step  in  understanding  how  platelet  myosin  as  well  as  other  cy- 
toplasmic myosins  function.   4)  Human  cardiac  contractile  proteins  are  being 
studied  from  both  autopsy  material  and  oeprative  specimens.   The  structure  and 
enzymic  properties  of  the  myosin  moleculeare  being  examined  using  operative 
specimens  from  patients  suffering  from  various  forms  of  heart  disease,  in- 
cluding ASH.   Initial  studies  have  revealed  a  species  difference  between  human 
cardiac  and  canine  myosin  in  regards  to  light  chain  content.   5)  In  collabora- 
tion with  Dr.  Marshall  Elzinga  at  the  Boston  Biomedical  Research  Institute,  the 
primary  structure  of  human  cardiac  actin  is  being  determined  and  compared  to 
that  of  human  platelet  actin.   This  is  the  first  detailed  comparison  of  muscle 
and  cytoplasmic  actin  structure  in  the  same  species. 
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Myosin  also  Is  being  Isolated  from  several  lines  of  embryonic  and  malignant 
cells.  Results  from  rhobdomyosarcoma  cells  have  lent  credence  to  the  im- 
portant concept:  all  cells  from  vertebrates  synthesize  the  same  kind  of  myo- 
sin initially.   This  myosin  may  play  an  important  role  in  cell  division  and 
cell  motility  -  two  characteristics  of  malignant  and  embryonic  cells.  Non- 
malignant  skeletal  muscle  cells  produce  a  myosin  that  differs  from  that  of 
rhabdomyosarcoma  In  its  complement  of  light  chain.  This  more  specialized 
form  of  myosin  is  synthesized  only  In  well-differentiated  cells.  It  is  the 
purpose  of  our  ongoing  efforts  to  try  and  understand  the  role  of  "undifferen- 
tiated myosin"  that  is  found  in  embryonic  and  malignant  cells. 
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Project  Title:   Evaluation  of  the  Ability  of  Echocardiography  to  Measure 
Alterations  In  Left  Ventricular  Volume 

Previous  Serial  Number:  None 

Principal  Investigator:   David  R.  Redwood,  M.D. 

Other  Investigators:  Walter  L.  Henry,  M.D. 

Stephen  E.  Epstein,  M.D. 

Cooperating  Units:  None 

Project  Description:  Recent  studies  to  determine  whether  echocardiography  can 
be  utilized  to  measure  end-systolic  and  end-diastollc  left  ventricular  (LV) 
volumes  have  shown  a  good  correlation  between  volumes  estimated  by  echo 
(generally  based  on  the  cube  of  the  distance  between  the  interventricular 
septum  and  the  posterior  LV  wall)  and  volumes  estimated  by  LV  angiography. 
However,  it  is  not  known  whether  the  echo  technique  can  reliably  detect  acute 
alterations  in  LV  volumes,  a  question  arising  from  the  fact  that  large  errors 
In  calculated  volume  may  occur  as  a  result  of  very  small  differences  in 
measured  transverse  dimension,  since  volume  measured  by  echo  varies  as  the  cube 
of  the  transverse  dimension.   We  therefore  studied  in  normal  volunteers 
changes  in  this  dimension  resulting  from  maneuvers  and  pharmacologic  agents 
known  to  alter  LV  volume;  namely  tilting,  atropine,  nitroglycerin,  phenylephrine 
and  methoxamine. 

Seven  normal  subjects  have  been  studied  and  the  results  indicate  that  the 
anticipated  changes  in  left  ventricular  volume  are  readily  detectable  by  means 
of  a  measurement  of  the  transverse  LV  dimension  by  echocardiography.   In 
addition,  a  study  of  8  patients  with  chronic  rheumatic  mitral  valve  disease 
and  atrial  fibrillation  has  shown  that  there  is  a  positive  correlation  between 
the  duration  of  diastole  and  the  percentage  change  in  transverse  diastolic 
dimension.   Thus,  this  noninvasive  technique  may  be  uniquely  valuable  In 
situations  in  which  it  is  desired  to  make  serial  measurements  of  left 
ventricular  volume. 

Proposed  Course  of  Project:   Completed 

Honors  and  Awards:  None 

Publications:   Manuscript  submitted  to  Circulation. 
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Project  Title:   Use  of  Biventricular  Cineangiography  in  the  Evaluation  of 
Patients  with  Asymmetric  Septal  Hypertrophy 

Principal  Investigator:   David  R.  Redwood,  M.D. 

Other  Investigators:   James  L.  Scherer,  M.D. 

Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   Diagnostic  Radiology  Department 
Clinical  Center 

Project  Description:   Recent  echocardiographic  studies  have  demonstrated  that 
disproportionate  hypertrophy  of  the  interventricular  septum  is  the  hallmark 
of  a  disease  spectrum  recently  termed  asymmetric  septal  hypertrophy  (ASH) . 
For  technical  reasons,  echoes  can  be  obtained  only  from  the  upper  part  of  the 
septum  and  from  the  basal  portion  of  the  posterior  left  ventricular  (LV)  free 
wall.   Pathologic  studies  have  shown,  however,  that  the  myocardial  defect  in 
patients  with  ASH  is  distributed  nonuniformly;  in  particular,  the  posterior 
basal  free  wall  of  patients  with  nonobstructive  ASH  usually  is  normal,  but 
other  portions  of  the  LV  free  wall,  which  cannot  be  detected  by  echo,  may  be 
grossly  hypertrophied.   The  present  study  was  therefore  designed  to  delineate 
the  extent  and  degree  to  which  the  hypertrophic  process  involves  the  septum 
and  LV  free  wall  in  patients  with  ASH. 

During  diagnostic  cardiac  catheterization  studies,  contrast  material  is 
injected  simultaneously  into  both  the  right  and  left  ventricles  with  the 
patient  postioned  in  the  steep  left  anterior  oblique  (LAO)  position.   Since 
the  right  and  left  borders  of  the  septum  are  visualized  simultaneously,  septal 
thickness  can  be  measured  as  can  thickness  of  a  segment  of  the  LV  free  wall. 
The  LV  cine  is  repeated  with  the  patient  in  the  lateral  position,  and  in  the 
shallow  LAO  position  to  explore  LV  free  wall  thickness  in  further  detail. 

Results  in  16  patients  with  ASH  demonstrate  that  the  ventricular  septum  is 
greatly  thickened  when  compared  with  the  normal  septum.   Average  septal 
thickness  did  not  differ  from  that  in  patients  with  concentric  left  ventricular 
hypertrophy  due  to  aortic  valve  disease.   However,  in  normal  subjects  and  in 
patients  with  concentric  LV  hypertrophy,  the  walls  of  the  ventricular  septum 
were  parallel.   In  contrast,  the  walls  diverged  in  ASH  so  that  septal  width 
increased  significantly  inferiorly.   Furthermore,  upper  septal  width  in  ASH 
was  significantly  greater  in  those  patients  with  LV  outflow  obstruction  than 
in  those  patients  without  obstruction,  suggesting  that  the  upper  septum  bulges 
into  the  LV  outflow  tract  to  a  greater  extent  in  obstructive  ASH.   In  addition. 
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the  LV  free  wall  in  ASH  was  nonuniformly  thickened,  whereas  in  LVH,  the 
hypertrophy  was  uniform.   We  conclude  that  angiographic  delineation  of  the 
septum  and  LV  free  wall  1)  demonstrates  abnormalities  that  distinguish  ASH 
from  normal  and  concentrically  hypertrophied  hearts,  2)  demonstrates 
abnormalities  that  distinguish  obstructive  from  nonobstructive  ASH  and  3)  aids 
in  characterizing  the  distribution  of  myopathic  involvement  in  patients 
with  ASH. 

Proposed  Course  of  Project:   Continuing 

Honors  and  Awards :   None 

Publications:   David  R.  Redwood,  M.D.,  James  L.  Scherer,  M.D. ,  Stephen  E. 
Epstein,  M. D.,  Biventricular  Cineangiography  in  the  Evaluation  of  Patients 
with  Asymmetric  Septal  hypertrophy.   Circulation  (in  press) 
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Project  Title:   Quantitative  Assessment  of  Left  Ventricular  Function  in  Man 
Utilizing  Roentgen  Videodensitometry 

Previous  Serial  Number:  None 

Principal  Investigator:   David  R.  Redwood,  M.D. 

Other  Investigators:   Leonard  E.  Grauer,  M.D. 

William  H.  Schuette,  B.E.E. 
Willard  C.  Whitehouse,  B.S. 
Samuel  B.  Itscoitz,  M.D. 

Cooperating  Units:   Biomedical  Engineering  and  Instrumentation  Branch 

Division  of  Research  Services,  Television  Engineering 
Section,  Clinical  Center. 

Project  Description:   Left  ventricular  ejection  fraction,  the  ratio  between 
stroke  volume  and  end-diastolic  volume,  is  widely  used  as  an  index  of 
ventricular  function  in  patients  with  myocardial  and  valvular  heart  disease. 
However,  as  conventionally  determined,  the  calculation  of  end-diastolic  and 
end-systolic  ventricular  volumes  involves  planimetry  of  appropriate  frames  of 
the  left  ventricular  cineangiogram,  which  is  a  time  consuming  and  cumbersome 
undertaking.   Because  of  the  difficulties  of  this  method,  an  automated 
technique  has  been  developed  that  allows  for  the  direct  measurement  of  ejection 
fraction. 

This  technique  determines  the  rate  of  wash-out  of  roentgen  dense  contrast 
material  from  the  left  ventricle  during  cineangiography.   A  densitometer  placed 
over  the  image  of  the  left  ventricle  continuously  measures  the  changes  in 
contrast  density  during  the  cine  run.   The  degree  to  which  the  contrast  is 
cleared  from  the  left  ventricle  with  each  systole  is  a  function  of  the  ejection 
fraction  and  can  be  determined  by  finding  the  number  of  cardiac  cycles  (N) 
necessary  to  .wash  out  50%  of  the  contrast.   The  ejection  fraction  is  then  equal 
to  i-E"^"^'^'''^  (the  equation  for  an  exponential  curve).   Preliminary  results 
with  this  method  show  an  excellent  correlation  with  data  obtained  by 
planimetry  techniques. 


Proposed  Course  of  Project:   Continuing 
Honors  and  Awards:   None 
Publications:   None 
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Project  Title:  Limitations  of  Electrocardiographic  Response  to  Exercise  in 
Predicting  Coronary  Artery  Disease. 

Previous  Serial  Number:  None 

Principal  Investigator:  Jeffrey  S.  Borer,  M.D. 

Other  Investigators:  John  F.  Brenslke,  M.D. 
David  R.  Redwood,  M.D. 
Samuel  B.  Itscoitz,  M.D. 
Eugene  R.  Passamani,  M.D. 
Nell  J.  Stone,  M.D. 
John  M.  Richardson,  M.D. 
Robert  I.  Levy,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:  Molecular  Disease  Branch,  NHLI 

Division  of  Heart  and  Vascular  Disease 

Project  Description:  Electrocardiographic  (ECG)  response  to  exercise  (bicycle 
ergometry  with  work  load  gradually  Increased  until  heart  rate  is  ^85%  age- 
predicted  maximum)  was  evaluated  prior  to  coronary  angiography  in  67  patients, 
aged  21  to  55  years,  with  Type  II  hyperlipoproteinemia.  Patients  were  studied 
If  they  had  1)  a  history  of  myocardial  infarction  (MI)  or  typical  angina 
(31  patients),  2)  "atypical  angina"  (10  patients),  or  3)  a  nosltive  ECG  response 
during  or  shortly  after  exercise  (ST  segment  depression   -.1  mv  below  resting 
baseline  .08  sec  after  the  J  point  with  ST  segment  slope  -0),  but  were 
asymptomatic  and  without  other  evidence  of  cardiac  disease  (18  patients) .  Of 
the  31  patients  with  clinical  evidence  of "coronary  disease,  29  had  >50%  stenosis 
(26  had  >75%) ;  however,  19  (65%)  of  these  29  had  negative  ECG  tests,  including 
9  of  16  patients  with  >75%  stenosis  of  2  or  more  vessels.  Of  the  13  patients 
with  "atypical  angina",  7  had  >50%  stenosis,  2  with  positive  ECG  tests; 
1  patient  had  a  positive  test  but  normal  arteriogram.  Of  the  23  asymptomatic 
patients  with  positive  ECG  tests,  9^0.5%)  had  >50%  stenoses;  however  7  (30.5%) 
had  minor  stenoses   (>50%)  and  7  (39%)  were  entirely  normal.  Therefore, 
exercise  testing  yields  a  high  frequency  of  both  false  negative  responses  (in 
patients  with  clinically  suspected  coronary  disease)  and  false  positive  responses 
0.n  asymptomatic  patients) .  We  conclude  that  while  exercise  testing  may  have 
some  epidemiologic  value,  its  applicability  as  a  diagnostic  tool  in  the 
individual  patient  is  questionable. 

Proposed  Course  of  Project:  Continuing 
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Project  Title:   Effect  of  Nitroglycerin  on  Exercise  Capacity  and  on  the 

Hemodynamic  Response  to  Exercise  in  Patients  with  Valvular 
Heart  Disease. 

Previous  Serial  Number:  None 

Principal  Investigator:   Jeffrey  S.  Borer,  M.D. 

Other  Investigators:   David  R.  Redwood,  M.D. 

Samuel  B.  Itscoitz,  M.D. 
Robert  E.  Goldstein,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   None 

Project  Description:   Nitroglycerin  reduces  pulmonary  arterial  and  left  atrial 
pressures  and  pulmonary  vascular  resistance  at  rest  in  patients  with  mitral 
stenosis.   We  have  observed  similar  changes  in  patients  with  aortic  insuffi- 
ciency and  mitral  insufficiency.   Changes  in  cardiac  output  during  such 
studies  have  been  variable.   To  assess  the  potential  clinical  utility  of 
nitroglycerin  in  patients  with  valvular  heart  disease  we  are  determining  the 
effect  of  nitroglycerin  1)  on  treadmill  exercise  capacity  and  2) on  the  pulmonary 
artery  pressure  and  cardiac  output  response  to  exercise.    Thus  far  7  patients 
have  been  studied,  most  with  mid  mitral  and  aortic  valve  lesions.   Of  these,  6 
have  had  technically  adequate  evaluations  of  exercise  tolerance;  all  have 
shown  increases  in  exercise  tolerance  during  nitroglycerin  therapy  as  compared 
with  placebo  therapy;  tolerance  has  increased  an  average  of  20%  after  0.5  mg 
sublingual  nitroglycerin;  four  patients  have  undergone  technically  adequate 
evaluation  of  pulmonary  artery  pressure  and  cardiac  output  response  to 
exercise.   In  all  patients,  pulmonary  artery  pressure  has  been  lower  and  cardiac 
output  higher  at  maximal  exercise  during  nitroglycerin  therapy  than  during 
placebo  therapy. 

Our  results  suggest  that  vasodilator  therapy  may  be  a  useful  adjunct  in  the 
pharmacologic  management  of  patients  with  valvular  heart  disease  by  reducing 
exertional  symptoms  and  increasing  exercise  tolerance. 

Proposed  Course  of  Project:   Continuing 

Honors  and  Awards:   None 

Publications:  None 
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Project  Title:   Nitroglycerin  Therapy  for  Acute  Myocardial  Infarction  in  Man. 

Previous  Serial  Number:  None 

Principal  Investigator:   Jeffrey  S.  Borer,  M.D. 

Other  Investigators:     David  R.  Redwood,  M.D. 
Barry  Levitt,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   Cardiology  Department,  Flow  and  Fifth  Avenue  Hospitals, 
New  York,  New  York 

Project  Description:   Previous  investigations  in  dogs  have  demonstrated  that 
nitroglycerin  reduces  ischemic  injury  and  enhances  ventricular  electrical 
stability  during  acute  coronary  occlusion.   These  beneficial  effects  of  nitro- 
glycerin are  potentiated  by  preventing  drug-induced  hypotension  with  an  alpha- 
adrenergic  agonist.   Such  combination  therapy  also  has  been  found  to  reduce 
the  incidence  of  spontaneous  postocclusion  ventricular  fibrillation  in  dogs. 
The  present  study  is  designed  to  determine  the  efficacy  of  nitroglycerin,  alone 
and  with  its  hypotensive  effects  prevented  with  phenylephrine,  an  alpha  agonist, 
in  reducing  the  extent  and  severity  of  myocardial  injury  sustained  during  acute 
myocardial  infarction  in  man.   Phenylephrine -induced  increases  in  mean  arterial 
pressure  also  are  being  evaluated  as  to  their  protective  effect  on  the  acutely 
ischemic  myocardium.  The  efficacy  of  these  interventions  is  being  assessed  by 
ST  segment  analysis  of  35-lead  precordial  surface  maps  (experimental  studies 
have  demonstrated  that  changes  in  ST  segment  elevation  reflect  changes  in  myo- 
cardial ischemic  injury). 

Thus  far  6  patients  with  acute  myocardial  infarction  have  been  studied. 
During  therapy  with  sublingual  nitroglycerin  and  phenylephrine,  all  have  de- 
veloped a  reduction  (17  to  607o)  in  ST  segment  elevation.   Nitroglycerin  therapy 
alone  has  been  associated  with  improvement  in  5  of  six  patients.   Each  of  these 
5  has  had  a  relatively  mild  reflex  increase  in  heart  rate  in  association  with 
nitroglycerin-induced  reduction  in  pressure.   One  of  the  five  was  in  overt 
congestive  heart  failure  with  an  elevated  PAW  pressure.   In  all  five  patients, 
ischemia  was  further  reduced  when  nitroglycerin-induced  hypotension  and  tachy- 
cardia were  reversed  with  phenylephrine.   In  the  sixth  patient,  who  was  not  in 
congestive  heart  failure,  administration  of  nitroglycerin  alone  caused  an  in- 
crease in  ischemic  injury.   Here,  nitroglycerin-induced  hypotension  was  associ- 
ated with  marked  tachycardia,  and  once  again,  ischemic  injury  was  reduced  when 
nitroglycerin-induced  hypotension  and  tachycardia  were  reversed  by  administra- 
tion of  phenylephrine.   In  three  patients,  increases  in  arterial  pressure  above 
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pretreatment  levels  were  associated  with  additional  improvement. 

These  early  results  suggest  that  nitroglycerin  may  be  of  significant 
benefit  in  reducing  ischemic  injury  and  its  sequellae  during  acute  myocardial 
infarction  in  man,  especially  \*ien  its  hypotensive  and  tachycardia-producing 
effects  are  prevented. 

Proposed  Course  of  Project:   Continuing. 

Honors  and  Awards:  None 

Publications:  None 
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Project  Title:   Beneficial  Effects  of  Lidocaine  on  Incidence  of  Ventricular 
Fibrillation  During  Coronary  Occlusion  in  Dogs 

Previous  Serial  Number:   None 

Principal  Investigator:   Jeffrey  S.  Borer,  M.D. 

Other  Investigators:     Lura  Harrison,  Ph.D. 
Richard  Levy,  M.D. 
Kenneth  M.  Kent,  M.D.,  Ph.D. 
Robert  E.  Goldstein,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   None 

Project  Description:   Several  studies  have  questioned  the  efficacy  of  lido- 
caine in  reducing  the  incidence  of  ventricular  fibrillation  (VF)  shortly  after 
acute  myocardial  infarction  (AMI),  vAien  arrhythmogenic  mechanisms  are  believed 
to  be  different  from  those  operative  several  hours  later.   To  determine  whether 
lidocaine  inhibits  occurrence  of  early  VF,  open-chest  anesthetized  dogs  were 
randomized  into  3  groups:  a  control  group  (saline  infusion),  a  moderate  dose 
lidocaine -treated  group  (2  mg/kg  bolus  and  70  [j,g/kg/min  infusion)  ,  and  a  high 
dose  lidocaine -treated  group  (2  mg/kg  bolus  and  100  (j,g/kg/min  infusion).  After 
10  min  of  infusion  the  left  anterior  descending  and  septal  coronary  arteries 
were  occluded  at  their  origins.   Infusions  continued  until  VF  occurred  or  30 
min  elapsed.   Fourteen  of  16  control  dogs  died  in  VF.   Sixteen  dogs  received 
lidocaine.   Of  the  11  treated  dogs  maintaining  lidocaine  blood  levels  within 
the  accepted  therapeutic  range  (1.2  to  5.5  |j,g/ml)  ,  6  survived  (p<.05).   Ten 
of  these  II  received  the  moderate  dose  regimen  .   Five  other  dogs  received 
the  high  dose  regimen;  all  died,  with  blood  levels  >5.3  [J,g/ml  at  the  time  of 
death.   Since  it  has  been  suggested  that  detrimental  effects  may  result  from 
low  blood  levels  of  lidocaine,  VF  threshold  (VFT)  was  determined  in  3  dogs 
given  lidocaine  to  maintain  blood  levels  £1.2  \ig/ml.      No  reduction  in  VFT  was 
found.   In  6  dogs,  administration  of  lidocaine  was  begun  after  coronary  occlu- 
sion.With  blood  level  in  therapeutic  range,  VFT  increased  in  4,  decreased  in 
1  and  remained  constant  in  1.   We  conclude  that  lidocaine,  at  blood  levels 
ranging  from  1.2  to  5.5  |i,g/ml,  significantly  reduces  the  incidence  of  VF  oc- 
curring early  after  coronary  occlusion  and  that  no  decrease  in  ventricular 
electrical  stability  occurs  at  lower  blood  levels.  Moreover,  the  drug's  bene- 
ficial effects  are  manifest  whether  treatment  is  begun  before  or  after  coro- 
nary occlusion.  Administration  cf  this  agent  therefore  may  be  of  particular 
value  in  the  early  phases  of  acute  myocardial  infarction. 
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Proposed  Course  of  Project:   Completed.  Manuscript  in  progress. 

Honors  and  Awards:  None 

Publications:  None 
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Project  Title:   Eosinophilia  and  the  Heart 

Previous  Serial  Number:  None 

Principal  Investigator:  Jeffrey  S.  Borer,  M.D. 

Other  Investigators:  Walter  L.  Henry,  M.D. 

David  Dale,  M.D. 

Sheldon  Wolff,  M.D. 
Cooperating  Units : Laboratory  of  Clinical  Investigations,  NIAID, 

Project  Description: Ten  adult  males  with  idiopathic  hypereosinophilic  syndrome 
(IHS)  of  1/2  to  20  yrs  duration  underwent  cardiac  evaluation  by  noninvasive 
techniques.   Eosinophil  counts  ranged  from  8000  to  94000 /mm-'.  Two  pts  had 
the  features  characteristic  of  Loffler's  endocarditis  (restrictive  cardio- 
myopathy), with  pulmonary  vascular  congestion.  Another  had  chronic,  marked 
ventricular  irritability  and  non-specific  ECG  abnormalities.  All  other  pts 
lacked  symptomatic,  radiographic,  electrocardiographic,  phonocardiographic 
and  external  pulse  evidence  of  cardiac  disease.  However,  in  all  3  symptomatic 
and  5  of  7  asymptomatic  pts  echocardiography  revealed  significant  left  ventric- 
ular (LV)  free  wall  and  septal  thickening,  with  measurements  of  13  to  18mm 
(normal  =  9-llmm) .  LV  cavity  was  smaller  than  normal  in  1  pt  with  restrictive 
disease  and  mildly  dilated  in  the  other  and  in  2  asymptomatic  pts.  These 
echocardiographic  abnormalities  are  consistent  with  the  gross  anatomic 
features  of  Loffler's  endocarditis.  Reduced  LV  compliance  was  suggested  in 
6  pts  by  marked  diminution  in  mitral  valve  closure  rate.   Small  pericardial 
effusions  were  present  in  3  asymptomatic  pts.   Cardiac  abnormalities  were 
unrelated  to  duration,  severity  or  therapy  of  hypereosinophilia.  Serial  studies 
(10  to  14  mos)  revealed  further  LV  thickening  in  1  pt  with  restrictive  disease, 
but  no  symptomatic  or  echocardiographic  progression  in  any  other  pt. 
Accumulated  necropsy  data  and  case  reports  suggest  that  IHS  affects  the  heart 
in  only  33%  of  pts  and  that  once  cardiac  involvement  is  detected  clinical 
deterioration  is  rapid.   In  contrast,  the  present  study  demonstrates  that 
cardiomyopathy  occurs  in  a  much  higher  percentage  of  IHS  pts,  is  often  present 
in  asymptomatic  pts,  and  usually  progresses  slowly.   It  is  concluded  that  echo- 
cardiography is  of  unique  value  in  revealing  otherwise  inapparent  early  cardio- 
myopathic  changes  in  pts  with  IHS. 

Proposed  Course  of  Project:   continuing 

Honors  and  Awards:  None 

Publications :  None 
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Project  Title:   Cardiac  Abnormalities  In  Patients  with  Mucopolysacchardosis 

Previous  Serial  Number:  None 

Principal  Investigator:   Jeffrey  S.  Borer,  M.D. 

Other  Investigators:  Anatole  Dakaban,  M.D. 

Cooperating  Units:   Developmental  and  Metabolic  Neurology  Branch,  NINDS 

Project  -Description:   Necropsy  studies  have  demonstrated  a  high  frequency  of 
cardiac  abnormalities  In  persons  with  the  various  forms  of  systemic  muco- 
polysacchardosis. However,  there  have  been  few  systematic  attempts  at  ante- 
mortem  characterization  of  these  abnormalities.  We  have  studied  10  patients 
with  mucopolysacchardosis  Types  I  through  V.  History  and  physical  examination, 
phonocardiography,  external  carotid  pulse  recording,  roentgenography  and 
echocardiography  have  been  used  In  attempts  to  characterize  cardiac  abnormali- 
ties. Mitral  and/or  aortic  regurgitation  have  been  almost  universal  findings 
In  all  our  patients  except  those  with  Type  III  MPS  (Sanf lllpo  Syndrome) . 
Cardiac  abnormalities  have  not  been  reported  In  Type  III  patients.  However, 
one  of  our  three  subjects,  age  13,  has  evidence  of  severe  aortic  regurgitation, 
without  obvious  cause.   No  abnormalities  have  been  found  In  the  absence  of 
valvular  dysfunction.  Our  prospective  clinical  data  currently  are  being 
correlated  with  pathologic  anatomical  data  gathered  by  the  NINDS. 

Proposed  Course  of  Project:  Continuing 

Honors  and  Awards:  None 

Publications :  None 
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Project  Title:   Long-Term  Durability  of  Patent  Saphenous  Vein  Aor to-Coronary 
Bypass  Grafts. 

Previous  Serial  Number:   None 

Principal  Investigator:   Samuel  B.  Itscoitz,  M.D. 

Other  Investigators:  David  R.  Redwood,  M.D. 
Leonard  E.  Grauer,  M.D. 
Robert  L.  Reis,  M.D. 
Edward  B.  Stinson,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   None 

Project  Description:   The  ultimate  role  of  saphenous  vein  bypass  operation 
(SVBO)  in  the  treatment  of  coronary  artery  disease  (CAD)  depends  largely  on 
whether  grafts  tend  to  occlude  with  time.   To  answer  this  question  we  restudled 
17  patients  (aged  36  to  62  years;  avg,  49)  who  underwent  SVBO  for  chronic  severe 
angina  pectoris.   Patients  were  selected  if  they  had  patent  grafts  demonstrated 
at  early  postoperative  study  (3  to  9  mos  postoperatively) .   One  additional 
patient  (25  years  of  age)  was  studied  who  had  SVBO  6  years  previously  for 
anomalous  origin  of  the  left  coronary  artery.  The  17  CAD  patients  had  a  total 
of  26  grafts  patent  at  early  postoperative  study:  18  grafts  were  widely  patent 
with  good  distal  run-off,  5  were  widely  patient  with  slow  distal  run-off, 
2  had  stenoses  at  the  coronary  anastomosis  (one  mild,  one  severe  with  poor  run- 
off), and  one  had  minor  luminal  irregularities.   Late  postoperative  study  was 
performed  15  to  36  mos  (avg  21  mos)  following  SVBO  for  CAD.   Twenty-four  of  the 
26  grafts  were  unchanged.   One  patent  graft  with  good  run-off  developed  minor 
luminal  irregularities;  the  graft  with  severe  stenosis  at  the  coronary  anasto- 
mosis had  occluded.   In  the  patient  with  anomalous  left  coronary  artery,  a 
widely  patent  graft  with  good  run-off  was  found  4  months  postoperatively. 
Restudy  4.5  years  later  revealed  no  change  in  the  appearance  of  the  graft. 
These  results  suggest  that  vein  grafts  ,  which  within  3  to  9  months  following 
SVBO  are  widely  patent  and  have  good  run-off,  are  anatomically  and  functionally 
stable  during  the  ensuing  one  to  4  years.   Their  history  subsequent  to  this 
awaits  further  definition. 

Proposed  Course  of  Project:  Completed. 

Honors  and  Awards:  None 

Publications:  Manuscript  in  preparation. 
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Project  Title:   Differences  in  Distribution  of  Myocardial  Abnormalities  In 
Patients  With  Obstructive  and  Nonobstructive  Asymmetric 
Septal  Hypertrophy  (ASH) :   Light  and  Electron  Microscopic 
Observations 

Previous  Serial  Number:  None 

Principal  Investigator:   Barry  J.  Maron,  M.D. 

Other  Investigators:   Victor  J.  Ferrans,  M.D.,  Ph.D. 
Walter  L.  Henry,  M.D. 
Chester  E.  Clark,  M.D. 
David  R.  Redwood,  M.D. 
William  C.  Roberts,  M.D. 
Andrew  G.  Morrow,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   Section  of  Pathology,  NHLI 
Clinic  of  Surgery,  NHLI 

Project  Description:   Previous  studies  have  shown  that  abnormal  cellular 
morphology  is  present  in  the  ventricular  septum  of  patients  with  asymmetric 
septal  hypertrophy  (ASH) .   The  present  study  was  undertaken  to  determine 
whether  these  morphologic  abnormalities  are  limited  to  the  ventricular  septum 
of  patients  with  ASH  or  are  more  diffusely  distributed  throughout  the  heart, 
and  whether  different  patterns  of  distribution  of  the  cellular  abnormalities 
exist  in  patients  with  and  patients  without  left  ventricular  outflow 
obstruction.   Myocardium  was  obtained  at  operation  or  necropsy  from  22 
patients,  including  14  with  obstructive  and  8  with  nonobstructive  ASH,  and 
studied  by  both  light  and  electron  microscopy.   Many  hyper trophied, 
bizarrely  shaped  and  abnormally  arranged  cardiac  muscle  cells,  presumably 
a  morphologic  manifestation  of  the  fundamental  myocardial  defect  in  ASH,  were 
present  in  the  ventricular  septum  of  all  patients.   In  patients  with 
obstructive  ASH,  these  abnormalities  were  either  absent  or  rarely  found  in 
muscle  from  the  left  and  right  ventricular  free  walls.   This  observation 
suggests  that  functional  limitation  in  these  patients  is  due  largely  to  left 
ventricular  outflow  obstruction.   In  contrast,  nimierous  disorganized  cells 
were  extensively  distributed  in  the  left  and  right  ventricular  free  walls 
from  seven  of  eight  symptomatic  patients  with  nonobstructive  ASH, 
suggesting  that  these  abnormalities  probably  contribute  importantly  to 
functional  impairment  in  such  patients. 

Proposed  Course  of  Project:   Completed 
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Publications:   Manuscript  in  press,  Circulation 
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Project  Title:  Predictive  Indices  of  Reversibility  In  Chronic  Congestive 
Heart  Failure 

Previous  Serial  Number:  None 

Principal  Investigator:   Barry  J.  Maron,  M.D. 

Other  Investigators:  Kenneth  M.  Kent,  M.D.  PhD. 
Bruce  Reltz,  M.D. 
Jack  Copeland,  M.D. 
James  Scherer,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   Clinic  of  Surgery,  NHLI 

Diagnostic  Radiology  Branch,  NHLI 

Project  Description:  To  determine  the  factors  responsible  for  irreversible 
cardiac  failure,  hemodynamic  studies  were  performed  in  dogs  with  circulatory 
overload  and  chronically  dilated  ventricles  secondary  to  aorto-caval  shunts. 
The  study  group  consisted  of  11  dogs  in  which  infrarenal  aorto-caval  flstulae 
were  created  and  6  control  dogs  in  which  sham  operations  were  performed.  Nine 
(81%)  of  the  11  experimental  dogs  had  fluid  accumulation  (ascites,  pleural 
effusion,  or  pericardial  effusion) .  After  an  average  of  55  days  (range  17-171 
days),  LV  end-dlastollc  pressure  (LVEDP)  and  LV  dp/dt  were  measured  in  all 
experimental  dogs;  LV  end-dlastollc  volume  (LVEDV) ,  LV  end-systolic  volume 
(LVESV),  ejection  fraction  (EF) ,  stroke  volume  (SV)  and  cardiac  output  (CO) 
were  measured  in  6  of  the  experimental  dogs  before  and  Immediately  after  shunt 
closure,  and  again  an  average  of  73  days  later  (at  time  of  sacrifice) .  Prior 
to  closure  of  the  shunt,  LVEDP  (24  -  11  mm  Hg) ,  CO  (8.3  *  6.0  L/mln) ,  SV 
(52  ±   35  cc) ,  LVESV  (51  ±  21  cc)  and  LVEDV  (102  ±  42  cc)  were  Increased  signif- 
icantly over  control  values  (p  <.01)  and  EF  (.49  *  .20)  was  significantly 
decreased  compared  to  control  values  (p  <.05).  Late  after  shunt  closure,  LVEDV 
(64  ^  18  cc)  was  decreased  significantly  (p<.04)  compared  to  preclosure  values 
but  was  elevated  over  control  levels  in  5  of  6  dogs  (p  <.01).  There  was  a 
direct  relation  between  magnitude  of  shunt  (estimated  by  the  ratio  of  cardiac 
output  before  shunt  closure  to  cardiac  output  immediately  after  shunt  closure) 
and  LVEDV  prior  to  shunt  closure  (p<.01)  and  LVEDV  late  after  closure  (p<.05). 
LVEDP  (10  ±  6  mm  Hg)  was  decreased  significantly  (p<.02)  late  after  shunt 
closure  compared  to  the  preclosure  value  but  was  persistently  elevated  over 
control  levels  in  10  of  11  dogs  (p<.01).   EF  (.48  *  .17),  LVESV  (34  ±  16  cc) , 
SV  (30  ±12  cc),  CO  (5.3  ±  12  cc) ,  CO  (5.3  ±  2.3  L/min)  and  LV  dp/dt  (3217  i 
2112)  measured  late  after  closure  of  the  shunt  had  not  changed  significantly 
from  values  obtained  prior  to  shunt  closure  (p>.05),  although  EF  was  slgnlf- 

1  m5 


Serial  No.   NHLI-126 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

icantly  decreased  and  LVESV  was  significantly  increased  compared  to  controls 
(p<.01).   When  analyzed  individually,  all  11  dogs  showed  some  impairment  in 
cardiac  performance  in  at  least  one  hemodynamic  parameter  at  the  late  post- 
closure  study.  However,  there  was  no  direct  relation  between  LVEDP,  LVESV, 
LVEDV.SV.EF,  LV  dp/dt  or  compliance  measured  prior  to  shunt  closure  and  late 
after  shunt  closure.  Cardiac  hypertrophy  was  documented  at  the  time  of 
sacrifice;  ventricular  dry  weights  in  the  11  experimental  dogs  (1.83  -  0.A5 
gm/kg  body  weight)  were  significantly  increased  over  controls   (1.15  -  0.22 
gm/kg  body  weight  (p<.01). 

These  data  suggest  that  impaired  LV  performance  can  be  produced  in  dogs  by  a 
volume  overload  and  this  alteration  in  cardiac  function  is  not  entirely  reversible 
after  alleviation  of  the  hemodynamic  burden.  The  magnitude  of  the  shunt  directly 
correlated  with  the  LVEDV  initially  and  proved  to  be  a  reliable  predictor  of 
the  degree  of  residual  left  ventricular  dilatation  late  after  shunt  reversal. 
Other  parameters  of  ventricular  performance  measured  prior  to  shunt  closure 
(L.e.jSvtlVEDP,  EF,  LV,  LVESV,  LVEDV,  LV  dp/t  and  compliance)  proved  to  be  poor 
predictors  of  cardiac  function  late  after  shunt  closure.  Morphologic  studies 
are  in  progress  to  determine  the  role  of  ultrastructural  alterations  in  cardiac 
muscle  cells  and  myocardial  collagen  synthesis  in  the  reversibility  of  heart 
failure. 

Proposed  Course  of  Project:  Continuing 

Honors  and  Awards:   None 

Publications :  None 
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Project  Title:   The  Clinical  Spectrum,  Prognosis  and  Natural  History  of 
Asynmetric  Septal  Hypertrophy  (ASH)  in  Childhood 

Previous  Serial  Number:   None 

Principal  Investigator:   Barry  J.  Maron,  M.D. 

Other  Investigators:  Walter  L.  Henry,  M.D. 
David  R.  Redwood,  M.D. 
Chester  E.  Clark,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:  None 

Project  Description:  Asymmetric  septal  hypertrophy  (ASH)  is  a  genetically 
transmitted  cardiac  disorder  characterized  by  disproportionate  hypertrophy  of 
the  ventricular  septum  compared  to  the  posterobasal  left  ventricular  wall. 
Although  considerable  information  is  available  relating  to  the  disease  in 
adults,  the  clinical  spectrum  and  natural  history  of  ASH  in  children  is  large- 
ly unknown.   The  histories  of  39  patients  with  ASH  who  were  under  15  years  of 
age  at  time  of  initial  evaluation  and/or  onset  of  symptoms,  were  reviewed.   Of 
these,  36  had  available  follow-up  information  and  therefore  were  suitable  for 
longitudinal  analysis.   Twenty-five  patients  had  ASH  with  obstruction  under 
basal  conditions,  10  had  ASH  without  obstruction,  and  1  had  ASH  with  provocable 
obstruction.   At  the  time  of  initial  evaluation  or  onset  of  symptoms,  patients 
ranged  in  age  from  5  to  15  years  (mean  11  years) ;  duration  of  follow-up  ranged 
from  1  to  14  years  (mean  7  years).   Over  this  period,  11  (31%)  of  the  36 
patients  experienced  a  cardiac  arrest  (10  patients  died  suddenly  and  1  was 
resuscitated  after  an  episode  of  ventricular  fibrillation).   Thus,  the  proba- 
bility of  a  cardiac  catastrophe  occurring  in  this  group  of  patients  within  5 
years  of  initial  diagnostic  evaluation  was  251.     The  ages  at  which  cardiac 
arrest  occurred  ranged  from  8  to  27  years  (mean  15  years) .   Three  of  these 
patients  were  asymptomatic  (functional  Class  I) ,  6  patients  were  mildly 
symptomatic  (Class  II)  and  2  patients  were  severely  symptomatic  (Classes  III 
and  IV).   Six  of  the  11  patients  had  outflow  gradients  at  rest  of  >^30  mm  Hg 
and  5  patients  had  either  no  gradients  or  gradients  of  <30  mm  Hg.   Four  (36%) 
of  the  11  patients  with  cardiac  catastrophes  were  receiving  propranolol.   No 
clinical  findings  recorded  at  initial  cardiac  evaluation  proved  predictive  of 
the  subsequent  occurrence  of  cardiac  arrest.   In  particular,  there  were  no 
differences  between  surviving  patients  with  uncomplicated  courses  and  patients 
experiencing  a  cardiac  arrest  in  regard  to  magnitude  of  the  outflow  gradient, 
ventricular  end-diastolic  pressure,  cardiac  output,  electrocardiographic 
evidence  of  ventricular  hypertrophy  or  conduction  defect,  functional  class,  or 
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heart  size  on  x-ray.  We  conclude  that  patients  in  whom  clinical  recognition  of 
ASH  occurred  during  childhood  (and  who  were  referred  because  of  this  to  the 
NIH)  are  at  relatively  high  risk  for  developing  a  catastrophic  cardiac  event. 

Proposed  Course  of  Project:  Continuing 

Honors  and  Awards:  None  I 
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Project  Title:   Diagnosis  of  Cyanotic  Congenital  Heart  Malformations  in  Infants 
by  Real-Time  Two-Dimensional  Echocardiography 

Previous  Serial  Number:  None 

Principal  Investigator:   Barry  J.  Maron,  M,D, 

Other  Investigators:   Walter  L.  Henry,  M.D. 
Robert  Freedom,  M.D. 
David  T.  Kelly,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:  Department  of  Pediatrics,  Johns  Hopkins  Hospital, 
Baltimore,  Maryland 

Project  Description:   The  accuracy  of  real-time,  two-dimensional  echocardio- 
graphy in  diagnosing  malformations  of  the  great  vessels  was  assessed  in  11  in- 
fants (aged  5  to  29  months)  with  angiographically  documented  transposition  of 
the  great  arteries  (TGA),  tetralogy  of  Fallot  (TF)  or  pulmonary  atresia.  Ade- 
quate studies  were  obtained  in  10  of  the  11  infants.   A  great  artery  cross- 
sectioned  by  the  echo  beam  (i.e.,  scanning  the  heart  perpendicular  to  its  long 
axis,  at  the  origin  of  the  great  arteries)  appears  as  a  circle;  when  sectioned 
longitudinally  it  is  sausage-shaped.   TF  was  characterized  by  normally  related 
great  arteries;  a  posteriorly  positioned  circle  (aorta)  and  an  anterior,  sau- 
sage-shaped structure  (RV  outflow  tract).   In  pulmonary  atresia,  a  large  pos- 
terior circle  (aorta)  and  an  anterior  sausage-shaped  structure,  ending  proxi- 
mal to  the  pulmonary  valve  (atretic  outflow  tract)  were  seen.   In  TGA,  a  pos- 
terior circle  (pulmonary  artery)  was  associated  with  another  circle  (aorta) 
which  was  located  anteriorly  and  to  its  right  (D-transposition).   Thus,  this 
technique  provides  a  painless,  rapid  and  accurate  means  of  diagnosing  congeni- 
tal malformations  of  the  great  arteries  in  infants.   It  therefore  may  obviate 
the  need  for  complete  angiographic  studies  in  some  seriously  ill  infants  with 
cyanotic  congenital  heart  disease. 

Proposed  Course  of  Project:   Continuing 

Honors  and  Awards:  None 

Publications:  None 
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Project  Title:   Ultrastructural  Features  of  Myocardial  Cell  Degeneration  in 
Patients  with  Cardiac  Hypertrophy 

Previous  Serial  Number:   None 

Principal  Investigator:   Barry  J.  Maron,  M.D. 

Other  Investigators:   Victor  J.  Ferrans,  M.D.,Ph.D. 
William  C.  Roberts,  M.D. 

Cooperating  Units:   Section  of  Pathology,  NHLI 

Project  Description:   Light  and  electron  microscopic  observations  were  made  on 
left  ventricular  myocardium  removed  at  operation  from  16  patients  with  chronic 
aortic  valvular  disease.   In  all  16  patients  most  cardiac  muscle  cells  were 
hypertrophied,  and  surrounded  by  small  amounts  of  fibrous  tissue.   In  2  of  the 
6  patients  with  pure  aortic  regurgitation  and  in  4  of  the  5  patients  with  com- 
bined aortic  stenosis  and  regurgitation,  cardiac  muscle  cells  with  evidence  of 
degeneration  were  present  in  addition  to  hypertrophied,  non-degenerated  cells. 
Degenerated  cardiac  muscle  cells  were  not  observed  in  the  6  patients  with  pre- 
dominant aortic  stenosis.   Cardiac  muscle  cells  with  mild  degeneration  showed 
focal  myofibrillar,  lysis,  with  preferential  loss  of  thick  myofilaments,  and 
focal  proliferation  of  tubules  of  sarcoplasmic  reticulum.   More  severely  degen- 
erated muscle  cells  showed  a  marked  decrease  in  the  numbers  of  myofibrils  and 
T  tubules  and  proliferation  of  sarcoplasmic  reticulum  and/or  mitochondria. 
Severely  degenerated  cells  usually  were  present  in  areas  of  marked  fibrosis, 
often  were  atrophic,  had  thickened  basement  membranes,  and  had  lost  their  inter- 
cellular connections.   These  findings  suggest  that  degenerated  cardiac  muscle 
cells  have  poor  contractile  function  and  may  be  responsible  for  impaired  cardi- 
ac performance  in  some  patients  with  chronic  aortic  valvular  disease. 

Proposed  Course  of  Project:   Continuing 

Honors  and  Awards:  None 

Publications:   ARTICLE  PUBLISHED  IN  PERIODICAL 

Barry  J.  Maron,  M.D. ,  Victor  J.  Ferrans,  M.D.,Ph.D.,  William  C.  Roberts, 
M.D.  :  Myocardial  Ultrastructure  in  Patients  with  Chronic  Aortic 
Valvular  Disease.  American  Journal  of  Cardiology.  In  Press. 
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Project  Title:  Aggregates  of  Tubules  in  Human  Cardiac  Muscle  Cells 

Previous  Serial  Number:  None 

Principal  Investigator:  Barry  J.  Maron,  M,D. 

Other  Investigators:     Victor  J.  Ferrans,  M.D. ,  Ph.D. 

Cooperating  Units:   Section  of  Pathology,  NHLI 

Project  Description:  Two  types  of  aggregated  tubules  derived  from  and  con- 
tinuous with,  elements  of  sarcoplasmic  reticulum  were  observed  in  degenerated 
cardiac  muscle  cells  from  patients  with  cardiac  hypertrophy.  Aggregates  of 
the  first  type,  found  in  2  patients,  were  composed  of  long,  parallel  tubules 
which  measured  from  300  to  1130  A  in  diameter  and  showed  different  degrees  of 
organization.   In  some  of  these  aggregates  the  tubules  were  irregularly  ar- 
ranged and  were  closely  associated  with  large  masses  of  abnormal  Z  band  mate- 
rial to  which  thin  myofilaments  were  attached.   In  other  instances,  the  tubules 
formed  highly  regular,  hexagonally  arranged  aggregates;  the  spaces  between 
these  aggregated  tubules  contained  thin  myofilaments  and  small  amounts  of  Z 
band  material.   Cells  in  which  these  aggregates  were  present  showed  advanced 
degenerative  changes  characterized  by  disarray  of  myofibrils,  absence  of  T 
tubules,  and  selective  loss  of  thick  o^ofilaments.   It  is  concluded  that  the 
formation  of  these  aggregates  of  tubules  derived  from  the  sarcoplasmic  reticu- 
lum is  a  degenerative  change  related  to  the  inability  of  the  sarcoplasmic  re- 
ticulum to  form  meshworks  around  abnormally  constituted  myofibrils,  or  termin- 
al cisterns  around  T  tubules.  Aggregates  of  the  second  type,  found  in  one  pa- 
tient, were  formed  by  long,  straigjit,  irregularly  arranged  tubules  that  meas- 
ured 500  to  830  A  in  diameter  and  were  not  associated  with  myofibrillar  compo- 
nents.  These  aggregates  are  considered  to  represent  an  unusual  type  of  prolif- 
eration of  the  sarcoplasmic  reticulum  in  cells  having  normally  arranged  con- 
tractile elements. 

Proposed  Course  of  Project:   Completed 

Honors  and  Awards:  None 

Publications:   ARTICLE  PUBLISHED  IN  PERIODICAL 

Barry  J.  Maron,  M.D.  and  Victor  J.  Ferrans,  M.D. ,  Ph.D.:   Aggregates  of 
Tubules  in  Human  Cardiac  Muscle  Cells.   J  Molecular  St  Cellular  Cardjoli  cy. 
In  press. 
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Project  Title:  Echocardiographic  and  Pathologic  Studies  in  Sudden  Infant 
Death  Syndrome  (SIDS) 

Previous  Serial  Number:  None 

Principal  Investigator:  Barry  J.  Maron,  M.D. 

Other  Investigators:  Chester  E.  Clark,  M.D. 
Walter  L.  Henry,  M.D. 
Robert  E.  Goldstein,  M.D. 
Russell  B.  Fisher,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:  Coroner's  Office,  State  of  Maryland,  Baltimore,  Maryland 

Project  Description:   Sudden  infant  death  syndrome  (SIDS)  Is  a  major  cause  of 
mortality  in  the  first  six  months  of  life,  the  cause  of  which  is  unknown. 
Since  asymmetric  septal  hypertrophy  (ASH) :   1)  is  a  relatively  common  congeni- 
tal heart  malformation  that  is  genetically  transmitted  as  an  autosomal  domi- 
nant trait;  2)  is  associated  with  sudden  death  in  children  and  adults;  and 
3)  can  lead  to  congestive  heart  failure  and  death  in  Infants,  we  hypothesized 
that  this  disease  might  be  responsible  for  SIDS. 

In  the  first  of  two  studies,  42  pairs  of  parents  were  studied  by  echocar- 
diography.  Each  parental  pair  had  at  least  one  Infant  die  of  SIDS.  Asymmetric 
septal  hypertrophy  with  disproportionate  thickening  of  the  ventricular  septum 
compared  with  the  posterobasal  left  ventricular  wall  was  present  in  one  member 
of  two  (5%)  of  the  parental  pairs;  echocardiograms  were  normal  in  the  remaining 
40  pairs  of  parents. 

In  the  second  study,  gross  hearts  and  histologic  sections  of  myocardium  were 
analyzed  in  62  Infants  (less  than  one  year  of  age)  who  had  died  suddenly. 
Thirty  of  these  Infants  had  SIDS,  14  Infants  died  suddenly  but  had  evidence  of 
pulmonary  infection  on  postmortem  examination  and  18  Infants  died  suddenly  from 
trauma,  congenital  heart  disease,  or  sepsis  and  served  as  the  control  group. 
Hypertrophy  of  the  ventricular  septum  was  not  present  In  any  patient.   Small 
foci  of  disorganized,  normal-sized  cardiac  muscle. cells  were  present  in  the 
ventricular  septa  of  nine  (30%)  of  the  Infants  with  SIDS,  two  (14%)  of  the  in- 
fants with  pulmonary  infection  and  one  (5%)  of  the  infants  in  the  control  group. 
The  foci  of  disorganized  cells  In  patients  with  SIDS  were  similar  to  those 
present  in  infants  with  ASH.  The  morphologic  abnormalities  in  these  conditions 
could,  however,  be  distinguished  in  two  Important  respects.   First,  disorganized 
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cardiac  muscle  cells  in  patients  with  SIDS  are  normal- si zed;  in  infants  with 
ASH  disorganized  cells  are  hyper trophled.   Second,  foci  of  disorganized  cells 
in  SIDS  were  considerably  less  severe  in  extent  and  severity  than  in  ASH.  Al- 
though the  etlologic  and  functional  significance  of  these  abnormally  arranged 
cells  is  unknown,  it  is  possible  that  they  serve  as  a  nidus  for  ventricular 
arrhythmias.  Thus,  the  results  of  our  studies  to  date  are  inconclusive.  On  the 
basis  of  the  familial  studies  we  would  conclude  that  ASH  is  rarely  a  cause  of 
SIDS.   On  the  other  hand,  the  Infants  with  small  foci  of  disorganized  cells 
may  represent  a  part  of  the  ASH  spectrum  of  disease.   Although  it  is  Impossible 
to  ascertain  the  validity  of  our  Initial  hypothesis  on  the  basis  of  current 
evidence,  the  data  are  suggestive  enough  to  warrant  further  studies  to  deter- 
mine whether  ASH  plays  a  role  in  the  SIDS. 

Proposed  Course  of  Project:  Continuing 

Honors  and  Awards:  None 

Publications :  None 
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Project  Title:  Asynmetric  Septal  Hypertrophy  (ASH)  in  Infancy 

Previous  Serial  Number:  None 

Principal  Investigator:   Barry  J.  Maron,  M.D. 

Other  Investigators:     Jesse  E.  Edwards,  M.D. 
Walter  L.  Henry,  M.D, 
Chester  E.  Clark,  M.D. 
Glenn  Single,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   United  Hospitals-Miller  Division,  Dept.  of  Pathology, 
St.  Paul,  Minnesota 

Project  Description:   Clinical  and  pathologic  observations  were  made  in  four 
infants  who  died  with  asymmetric  septal  hypertrophy  in  the  first  five  months 
of  life.   One  of  these  infants  was  stillborn  and  the  other  three  were  aged 
1-1/2  months,  4-1/2  months,  and  5  months  at  the  time  of  their  deaths.   The 
three  live-born  infants  demonstrated  severe  congestive  heart  failure  and  car- 
diac enlargement.   The  clinical  features  present  in  these  three  infants  during 
life  suggested  a  variety  of  other  congenital  cardiac  malformations,  including 
congenital  mitral  regurgitation,  pulmonary  stenosis  and  endocardial  fibroelas- 
tosis.  In  each  of  the  four  infants  the  ventricular  septum  was  markedly  hyper- 
trophied,  and  was  thicker  than  the  posterobasal  left  ventricular  wall;  septal 
to  posterobasal  free  wall  thickness  ratios  ranged  from  1.8  to  2.6.   Moreover, 
the  septum  of  each  infant  contained  a  disordered  arrangement  of  hypertrophied 
cardiac  muscle  cells.   In  three  of  the  infants  the  myocardial  cellular  abnor- 
malities were  less  marked  in  the  left  ventricular  free  walls  than  in  the  ven- 
tricular septum.   In  the  fourth  infant  disorganized  cardiac  muscle  cells  were 
distributed  widely  in  both  the  ventricular  septum  and  left  ventricular  free 
wall;  the  clinical  findings  suggested  the  absence  of  left  ventricular  outflow 
obstruction.   Asymmetric  septal  hypertrophy  was  documented  in  at  least  one 
first  degree  relative  of  each  infant.   It  is  concluded  that  asymmetric  septal 
hypertrophy  is  a  genetically  transmitted  disease  that  may  present  clinically 
in  infancy  and  lead  to  infant  death.   Furthermore,  the  characteristic  patho- 
logic feature  of  as3mnnetric  septal  hypertrophy  in  adults,  a  disproportionately 
thickened  ventricular  septum  containing  numerous  hypertrophied  and  disorganized 
cardiac  muscle  cells,  can  be  present  at  birth. 

Proposed  Course  of  Project:   Completed 

Honors  and  Awards:  None 

Publications:  Manuscript  submitted  for  publication 
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Project  Title:  Factors  Affecting  the  Operative  Mortality  in  Aortic  Valvular 
Disease 

Previous  Serial  Number:  NHLI-18(c) 

Principal  Investigator:  Walter  L.  Henry,  M.D. 

Other  Investigators:   Chester  E.  Clark,  M.D. 

Robert  E.  Goldstein,  M.D. 

Samuel  B.  Itscoitz,  M.D. 

Leonard  E.  Grauer,  M.D. 

David  R.  Redwood,  M.D. 

D.  Luke  Glancy,  M.D. 

Stephen  E.  Epstein,  M.D. 

Andrew  G.  Morrow,  M.D. 

Joel  Morganroth,  M.D. 

Charles  L.  Mclntosch,  M.D. 

Lawrence  L.  Michaelis,  M.D. 
Cooperating  Units:   Clinic  of  Surgery 

Project  Description:  The  purpose  of  this  study  Is  to  define  prospectively  those 
preoperative  factors  that  indicate  an  increased  operative  risk  or  that 
irreversible  myocardial  dysfunction  has  occurred.  All  patients  18  years  old 
or  over  admitted  to  the  Cardiology  Branch  for  aortic  valve  replacement  will 
be  evaluated.  Patients  with  significant  involvement  of  other  valves  will  not 
be  considered.   Preoperative  and  6-month  postoperative  assessment  will  be 
based  mainly  on  data  obtained  by  cardiac  catheterization  (including  coronary 
arteriography)  and  echocardiography.  Evaluation  of  myocardial  function  will 
include  ventricular  volumes,  LV  mass,  mean  dv/dt,  mean  VCF,  V^^^j  and  maxy^^g^ 
These  data,  as  well  as  operative  risk,  will  also  be  correlated  with  EKG, 
x-ray,  phonocardiogram,  and  exercise  testing. 

Sixty-five  patients  have  been  assessed  preoperatively  with  51  studied  also 
6-months  postoperatively.  Preliminary  analysis  of  the  data  of  one  subgroup  of 
these  patients  has  been  performed  thus  far.   Sixteen  patients  with  isolated 
aortic  regurgitation  comprise  this  subgroup.  All  sixteen  have  been  evaluated 
preoperatively  and  13  again  6  months  postoperatively.  Preoperatively  every 
patient  had  a  dilated  left  ventricle  that  was  ejecting  a  large  stroke  volume. 
Left  ventricular  mass  was  markedly  elevated  in  every  patient.  Ejection  fr-'r.cioi. 
a  reflection  of  left  ventricular  function  was  normal  (  >  60%)  in  eight 
moderately  reduced  (40-60%)  in  five,  and  markedly  reduced  ( < 40%)  in  th  ■ ? 
patients.  Two  patients  died  within  2  weeks  of  operation  and  a  third  is  not 
available  for  postoperative  evaluation.   In  the  13  patients  studied,  both 
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preoperatively  and  six  months  postoperatively,  left  ventricular  ejection 
fraction  following  operation  was  unchanged  (compared  to  the  preoperative  value) 
in  12  and  reduced  in  one.  Postoperative  left  ventricular  stroke  volume  was 
reduced  to  normal  in  every  patient.  Left  ventricular  end  diastolic  volume  and 
mass  was  reduced  in  most.  When  patients  were  subdivided  according  to  pre- 
operative ejection  fraction,  those  with  normal  ejection  fractions  had  a  more 
marked  decrease  in  left  ventricular  mass  postoperatively  than  those  with  a  low 
preoperative  ejection  fraction.   These  data  suggest  that  once  ejection  fraction 
falls  in  patients  with  aortic  regurgitation,  it  is  irreversibly  depressed. 
Although  such  patients  appear  to  survive  operation,  they  are  left  with  a  large 
heart  postoperatively  that  is  contracting  poorly.  Whether  such  patients  have 
significant  functional  impairment  or  a  poorer  long  term  survival  is  now  being 
examined . 

Proposed  Course  of  Project:  Continuing 
Honors  and  Awards:  None 
Publications :  None 
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Project  Title:  Mitral  Valve  Position  in  Patients  with  Asymmetric  Septal 
Hypertrophy. 

Previous  Serial  Number:  NHLI-19(c) 

Principal  Investigator:  Walter  L.  Henry,  M.D. 

Other  Investigators:  Chester  E.  Clark,  M.D. 

Stephen  E.  Epstein,  M.D. 

Cooperating  Units:  None 

Project  Description:  For  over  a  decade,  it  has  been  recognized  that  an  unusual 
form  of  obstruction  to  left  ventricular  outflow  occurs  in  idiopathic  hyper- 
trophic subaortic  stenosis  (IHSS) .   Pathological  and  echocardiographic  reports 
indicated  that  the  basic  abnormality  in  this  disease  was  a  cardiomyopathy 
characterized  by  marked  asymmetric  septal  hypertrophy  (ASH) .   Initially  most 
investigators  considered  the  obstruction  to  be  caused  by  obliteration  of  the 
left  ventricular  outflow  tract  by  vigorously  contracting  and  hypertrophied 
muscle.   Recently,  however,  it  has  become  clear  that  the  obstruction  is  caused 
by  the  anterior  leaflet  of  the  mitral  valve  which,  during  systole,  moves 
forward  into  the  outflow  tract  and  against  the  interventricular  septum. 
It  also  has  been  observed  that  many  individuals  with  IHSS  have  the  cardiomyo- 
pathy but  do  not  develop  outflow  obstruction.   To  determine  why  some  patients 
with  asymmetric  septal  hypertrophy  do  and  others  do  not  have  obstruction,  we 
measured  the  position  of  the  mitral  valve  at  the  onset  of  systole  (i.e., 
immediately  before  the  abnormal  forward  motion) .   Mitral  valve  position  was 
defined  as  a  ratio  of  the  posterior  wall-mitral  valve  distance  divided  by  the 
septal-mitral  valve  distance.   In  normals,  the  mitral  valve  is  positioned  near 
the  posterior  wall  (ratio  0.28  -  0.01).   In  patients  with  ASH,  the  valve  is 
positioned  much  closer  to  the  septum  (ratio  0.85  ±  0.08).   When  these  patients 
were  subdivided  according  to  the  degree  of  left  ventricular  outflow  obstruction, 
we  found  that  the  proximity  of  the  mitral  valve  to  the  ventricular  septum  just 
prior  to  ejection  was         related  to  the  magnitude  of  the  gradient  that 
occurred  during  systolic  ejection.  We  conclude  that  mitral  valve  postion  at 
the  onset  of  systole  is  a  major  factor  determining  the  presence  and  severity 
of  left  ventricular  outflow  obstruction  in  patients  with  asymmetric  septal 
hypertrophy.   This  finding  is  compatible  with  the  concept  that  the  hypertrophied 
septum  results  in  forward  tethering  of  the  anterior  mitral  leaflet  dur^rr^ 
isometric  systole;  the  narrowed  outflow  tract  results  in  a  high  velociL  jet. 
during  early  systolic  ejection  which,  via  a  Venturi  effect,  causfs  th^  '>'M:iol 
leaflet  to  move  even  further  forward  resulting  in  LV  outflow  obstructs  on. 


^^36' 


Serial  No.   NHLI-134(c) 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Proposed  Course  of  Project:   Completed 
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Publications:  None 


H3ii 


Serial  No.      tstht.T-I  3ftfr^ 

1.  Cardiology 

2.  Clinical  Physiology 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:  Differences  in  Distribution  of  Myocardial  Abnormalities  in 

Patients  with  Obstructive  and  Nonobstructive  Asymmetric  Septal 
Hypertrophy  (ASH) :  Echocardiographic  and  Gross  Anatomic  Findings 

Previous  Serial  Number:  NHLI-22(c) 

Principal  Investigator:  Walter  L.  Henry,  M.D. 

Other  Investigators:   Chester  E.  Clark,  M.D. 

William  C.  Roberts,  M.D. 
Andrew  G.  Morrow,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:  Section  of  Pathology,  NHLI 
Clinical  Surgery,  NHLI 

Project  Description:  Patients  with  typical  idiopathic  hypertrophic  subaortic 
stenosis  (IHSS)  represent  only  one  subgroup  of  a  cardiac  disease  in  which  the 
characteristic  anatomic  abnormality  is  asymmetric  septal  hypertrophy  (ASH) . 
In  most  patients  with  ASH,  left  ventricular  outflow  obstruction  is  absent  and 
cardiac  dysfunction  presumably  is  due  to  widespread  involvement  of  the  left 
ventricle  by  an  underlying  myocardial  abnormality.   In  other  patients  with 
ASH,  left  ventricular  outflow  obstruction  is  present  (typical  IHSS)  and 
constitutes  a  major  feature  of  the  hemodynamic  and  physical  findings.  To 
determine  whether  patients  with  outflow  obstruction  also  have  the  underlying 
myocardial  abnormality  diffusely  involving  the  left  ventricle,  the  gross 
morphology  of  hearts  from  patients  with  and  without  outflow  obstruction  were 
studied  both  by  necropsy  and  by  echocardiography.   Echocardiographic  studies 
revealed  that  the  ventricular  septum  was  thicker  in  obstructive  ASH,  a  finding 
confirmed  by  the  postmortem  studies.   The  necropsy  studies  also  Indicated  that 
although  the  left  ventricular  free  wall  was  thickened  in  both  obstructive  and 
nonobstructive  ASH,  the  configuration  of  the  left  ventricular  free  wall  was 
distinctly  different  in  the  two  groups.   In  obstructive  ASH,  the  free  wall  was 
hypertrophied  and  identical  in  appearance  to  that  seen  in  valvular  aortic 
stenosis.   Moreover,  echocardiographic  studies  indicated  that  the  thickening  of 
the  free  wall  behind  posterior  mitral  leaflet  appeared  to  regress  after  operative 
relief  of  the  outflow  obstruction.   In  contrast,  the  left  ventricular  free  wall 
of  severely  symptomatic  patients  without  outflow  obstruction  had  a  markedly 
different  and  unique  appearance;  the  free  wall  of  left  ventricle  directly 
behind  the  posterior  mitral  leaflet  was  of  normal  or  less  than  normal  thickness, 
whereas  the  remaining  free  wall  was  nonuniformly  thickened.   On  the  basis  of 
these  findings  and  the  microscopic  data  presented  in  the  companion  paper,  we 
conclude  that  the  myocardial  abnormality  in  obstructive  ASH  (typical  IHSS)  is 
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localized  largely  to  the  ventricular  septum,  with  left  ventricular  free  wall 
thickening  occurring  as  a  consequence  of  outflow  obstruction.   In  symptomatic 
ptients  with  nonobstructive  ASH,  however,  the  data  suggest  that  the  left 
ventricle,  including  free  wall,  is  extensively  involved  by  a  primary  myocardial 
abnormality. 

Proposed  Course  of  Project:   Completed 

Honors  and  Awards:   None 

Publications:  Article  accepted  for  publication  in  Circulation  -  September , 1974. 
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Project  Title:  The  Clinical  Characteristics  of  Obstructive  and  Nonobstructive 
Asymmetric  Septal  Hypertrophy 

Previous  Serial  Number:  NHLI-25(c) 

Principal  Investigator:  Walter  L.  Henry,  M.D. 

Other  Investigators:  Chester  E.  Clark,  M.D. 

Stephen  E.  Epstein,  M.D. 

Cooperating  Units:  None 

Project  Description:   Since  the  early  descriptions  of  IHSS,  patients  have  been 
described  with  features  suggestive  of  the  disease  but  in  whom  no  resting  or 
provocable  left  ventricular  outflow  obstruction  could  be  demonstrated.  These 
findings  have  been  interpreted  as  indicating  that  IHSS  is  only  one  manifesta- 
tion of  a  disease  spectrum,  i.e.,  hypertrophic  cardiomyopathy  in  which 
obstruction  may  or  may  not  occur.  Recently  we  have  confirmed  this  hypothesis 
by  using  echocardiography  to  identify  a  specific  anatomic  abnormality,  the 
presence  of  which  is  independent  of  outflow  obstruction.   Asymmetric  septal 
hypertrophy  (ASH),  characterized  by  a  ventricular  septum  at  least  1.3  times  as 
thick  as  the  posterior-basal  left  ventricular  free  wall,  was  found  in  all 
patients  whose  disorder  falls  within  the  IHSS  disease  spectrum.  One  hundred 
patients  with  ASH  were  examined.  Analysis  of  multiple  clinical  parameters 
failed  to  distinguish  the  nonobstructive  ASH  patients  from  the  obstructive 
group  with  two  exceptions:   in  nonobstructive  ASH  the  murmur  was  softer  with 
little  variation  following  provocative  maneuvers  and  a  bisferious  carotid 
pulse  was  absent.   Angina  and  syncope,  symptoms  usually  considered  character- 
istic of  obstruction,  were  also  common  in  patients  without  obstruction.  We 
conclude  1)  obstructive  and  nonobstructive  ASH  patients  cannot  be  distinguished 
asjnnptomatically,  2)  the  absence  of  typical  physical  findings  makes  the  clinical 
diagnosis  of  nonobstructive  ASH  difficult,  and  3)  echocardiography  is  the 
simplest  and  most  reliable  means  of  establishing  the  diagnosis  in  patients  with 
ASH. 

Proposed  Course  of  Project:   Continuing 

Honors  and  Awards:  None 

Publications:   None 
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Project  Title:   A  Real  Time  System  for  Two-Dimensional  Echocardiography. 

Previous  Serial  Number:   NHLI-26(c) 

Principal  Investigator:   Walter  L.  Henry,  M.D. 

Other  Investigators:   James  Griffith,  M.S.E.E. 

Cooperating  Units:   Electrical  and  Electronic  Engineering  Section 

Biomedical  Engineering  and  Instrumentation  Branch,  DRS 

Project  Description:   During  the  past  several  years  one-dimensional  echo- 
cardiography has  proven  to  be  a  useful  tool  in  cardiac  diagnosis.   Two- 
dimensional  echocardiography  promises  to  be  even  more  useful,  particularly  in 
patients  with  congenital  heart  disease. 

A  system  has  been  developed  for  obtaining  real  time,  two-dimensional  echo- 
grams using  a  hand  held  instrument  that  repaidly  scans  a  thirty  degree  sector 
from  a  fixed  spot  on  the  patient's  chest.   This  design  was  used  because  in 
many  individuals,  satisfactory  ultrasound  signals  only  can  be  obtained  from  a 
limited  window  located  between  ribs,  lateral  to  the  sternum  and  medial  to  the 
lungs.   In  addition  the  system  is  rather  small  and  thus  an  operator  easily  can 
alter  its  orientation  until  the  desired  cardiac  structures  are  seen  on  the 
display. 

The  scanning  device  uses  the  same  pulsed-echo  transducer  and  signal  processing 
techniques  used  for  one-dimensional  systems.  A  sector  is  scanned  by  tilting 
the  transducer  back  and  forth  with  a  crank  and  lever  system  powered  by  a  small 
DC  motor.   Tachometer  feedback  controls  motor  speed  so  that  frame  rate  does 
not  change  appreciably  with  variation  in  pressure  between  the  transducer  and 
patient.   To  monitor  transducer  angle,  a  rotary  variable  differential  trans- 
former (RVDT)  is  also  attached  to  the  motor  through  a  lever  system  identical 
to  the  one  driving  the  transducer.   Because  of  the  scanner's  design,  the 
transducer  can  be  pressed  directly  against  the  patient's  chest,  using  a  layer 
of  acoustic  coupling  gel  to  ensure  good  ultrasonic  coupling. 

The  echos  received  from  the  scanned  sector  are  displayed  on  a  CRT  screen. 
This  display  is  produced  by  electronically  synchronizing  the  transmitted  pulses 
and  the  transducer's  angular  position.   This  synchronization  allows  the  elec- 
tron beam  in  the  display  system  to  scan  the  CRT  in  such  a  way  that  its  position 
is  always  proportional  to  the  position  from  which  the  echos  are  being  received. 
Thus,  the  scan  is  displayed  on  the  CRT  screen  in  real  time.   A  television  camera 
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(focused  on  the  display  CRT)  and  a  video  tape  are  used  to  record  the  data. 
This  recording  system  allows  visualization  of  Indlvudual  cardiac  structures. 
Including  fast  moving  structures  like  the  mitral  valve.  Another  Important 
strength  of  the  video  system  is  that  data  are  available  for  Instant  replay  and 
analysis . 

Proposed  Course  of  Project:   Completed 

Honors  and  Awards:  None 

Publications:   ARTICLE  PUBLISHED  IN  PERIODICAL 

Walter  L.  Henry,  M.D.,  James  Griffith,  M.S.E.E.: 

A  Real  Time  System  for  Two-Dlmensional  Echocardiography.  Circulation. 

In  press. 
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Project  Title:   Long-Term  Effects  of  Operation  on  Obstruction  and  LV 
Hypertrophy  in  Asynmetric  Septal  Hypertrophy  (IHSS) 

Principal  Investigator:   Walter  L.  Henry,  M.D. 

Other  Investigators:   Stephen  E.  Epstein,  M.D. 

Chester  E.  Clark,  M.D.  ' 

Edward  B.  Stinson,  M.D. 
Andrew  G.  Morrow,  M.D. 

Cooperating  Units:   Clinic  of  Surgery,  NHLI 

Project  Description:   Surgical  myectomy  for  IHSS  results  in  symptomatic 
improvement  and  loss  of  LV  outflow  obstruction.   To  determine  the  mechanism 
by  which  the  obstruction  disappears,  and  the  long-term  effects  of  operation, 
we  used  echocardiography  to  measure  mitral  valve  position,  mitral  valve  systolic 
motion,  and  left  ventricular  free  wall  thickness  in  2  groups  of  patients  with 
IHSS:  13  patients  who  had  myectomy  performed  2  to  11  years  (mean  6.5  years) 
previously,  and  27  nonoperated  patients.   Preoperative  hemodynamic  data  were 
comparable  in  both  groups.   The  prominent  forward  mitral  valve  motion  in  mid- 
systole,  indicative  of  obstruction,  was  present  in  each  nonoperated  and  absent 
in  each  operated  patient.   Mitral  valve  position  at  onset  of  systole  was 
determined  by  calculating  the  ratio  of  mitral  valve-posterior  left  ventricular 
wall  distance  to  septal-mitral  valve  distance.   In  normals,  the  mitral  valve 
is  positioned  near  the  posterior  left  ventricular  wall  (ratio  0.28  *  .01). 
While  the  mitral  valve  is  anteriorly  positioned  in  both  IHSS  groups  it  is  more 
anterior  in  nonoperated  patients  (ratio  1.04  ^  106)  than  in  operated  patients 
(ratio  .66  *  p  <.  .01).   Intraoperative  studies  in  6  patients  revealed  the 
mitral  valve  to  assume  a  more  posterior  position  immediately  after  myectomy; 
this  coincided  with  disappearance  of  the  midsystolic  forward  mitral  valve 
movement.  Left  ventricular  free  wall  thickness  was  13.2  *  .05  mm  in  the  non- 
operated  patients  (normal  9.4  -  .02),  and  11.5  ^  .04  mm  in  the  operated 
(p^  .05).  Since  these  initial  observations,  we  have  studied  an  additional  18 
nonoperated  patients  as  well  as  an  additional  fifteen  patients  post  myotomy- 
myectomy.   These  studies  have  confirmed  our  original  observations.  Studies 
of  posterobasal  wall  thickness  6  months  postoperatively,  however,  have  not 
revealed  a  detectable  change. 

Proposed  Course  of  Project:  Continuing 

Honors  and  Awards:   None 

Publications:   None 
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Project  Title:   The  Effect  of  Prolonged  Weightlessness  on  Cardiovascular 
Function:   Studies  of  the  Sky lab  3  Astronauts 

Previous  Serial  Number:  None 

Principal  Investigator:  Walter  L.  Henry,  M.D. 

Other  Investigators:  Stephen  E.  Epstein,  M.D. 
James  M.  Griffith 
Robert  E.  Goldstein,  M.D. 
David  R.  Redwood,  M.D. 

Cooperating  Units:  Division  of  Research  Services,  Biomedical  Engineering  and 
Instrumentation  Branch 

Project  Description:   Future  space  programs  planned  by  NASA  call  for  the  exposure 
of  man  to  prolonged  episodes  of  weightlessness.   From  previous  NASA  studies  of 
astronauts  returning  from  space  missions.  It  was  clear  that  profound  but 
apparently  reversible  changes  occurred  in  various  bodily  functions.   However, 
the  effects  of  prolonged  weightlessness  on  cardiac  function  was  unknown. 
Several  observations  raised  the  suspicion  that  the  heart  might  have  been 
affected  adversely.   These  included:   a)  heart  size  as  determined  radiographlc- 
ally  was  smaller  immediately  post-flight  as  compared  to  pre-f light;  b)  postural 
hypotension  occurs  early  post-flight;  and  c)  compared  to  control  pre-f light 
studies,  cardiac  output  during  exercise  often  Is  markedly  reduced  shortly  after 
splashdown.   One  of  the  problems  in  assessing  the  significance  of  diminished 
heart  size,  postural  hypotension,  and  reduced  exercising  cardiac  output  obser- 
ved shortly  after  splashdown  is  that  space  flights  result  in  a  decreased  blood 
volume.   This  decrease  in  blood  volume  undoubtedly  causes  a  diminution  in 
cardiac  filling.   Thus,  since  the  magnitude  of  most  parameters  of  cardiac 
function  is  dependent  on  LV  end-dlastolic  fiber  length  (and  thus  LV  end- 
diastolic  volume),  deviations  from  normal,  without  reference  to  existing  LV  end- 
diastollc  volume,  may  merely  reflect  diminished  cardiac  filling  rather  than  a 
primary  aberration  of  cardiac  function.   Moreover,  postural  hypotension  can  be 
due  not  only  to  reduced  cardiac  filling  or  Impaired  cardiac  function,  but  also 
to  impaired  baroreceptor  reflexes  which,  when  Intact,  cause  systemic  arterial 
resistance  to  increase  when  a  subject  assumes  the  upright  position.   This  re- 
flex buffers  out  any  potential  changes  that  might  occur  in  arterial  pressure 
as  a  result  of  the  postural  change,  thereby  protecting  against  the  development 
of  postural  hypotension.   By  taking  advan'zage  of  the  capabilities  of  echo- 
cardiography to  measure  noninvaslvely  LV  volume,  stroke  volume,  and  ejection 
fraction,  and  of  the  fact  that  NASA  scientists  routinely  subject  the  astronauts 
to  lower  body  negative  pressure  (whereby  cardiac  filling  is  progressively  de- 
creased) ,  we  believed  that  we  would  be  able  to  construct  classic  ventricular 
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function  curves  nonlnvaslvely .   This  capability  would  thereby  obviate  the 
difficulties  encountered  In  comparing  cardiac  function  at  different  end- 
dlastollc  volumes  pre-  and  post-flight.  Our  studies  demonstrated  that  In  two 
of  the  three  astronauts,  LV  volume  was  decreased  slightly  post-flight,  a 
change  that  returned  to  pre-f light  values  one  month  after  splashdown.  Using 
the  technique  described  above  to  construct  ventricular  function  curves,  we 
determined  that  cardiac  function  was  normal  relative  to  the  existing  end- 
dlastollc  volume  In  all  three  astronauts.  Indicating  that  no  deterioration  In 
ventricular  function  had  occurred  during  85  days  In  space.   Baroreceptor 
function  also  was  demonstrated  to  be  intact.   Thus,  any  changes  in  measured 
cardiovascular  function  in  response  to  prolonged  weightlessness  is  due  to 
changes  in  cardiac  filling  rather  than  to  alterations  in  the  Intrinsic  con- 
tractile state  of  the  heart. 

Proposed  Course  of  Project:   Completed 

Honors  and  Awards:  None 

Publications:  Manuscript  in  preparation 
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Project  Title:  A  Video  Scanner-Analog  Computer  System  for  the  Analysis  of 
Routine  Echocardiograms 

Principal  Investigator:  Walter  L.  Henry,  M.D. 

Other  Investigators:  James  Griffith,  M.S.E.E. 

Cooperating  Units:  Electrical  and  Electronic  Engineering  Section 

Biomedical  Engineering  and  Instrumentation  Branch 
Division  of  Research  Service 

Project  Description:  A  major  reason  for  the  expanding  use  of  echocardiography 
(ECHO)  in  cardiac  diagnosis  is  that  rapidly  moving  cardiac  structures  can  be 
visualized  with  ease  and  safety.  Typically,  ECHO  studies  have  been  limited  to 
qualitative  observations  because  detailed  quantitative  measurements  of  cardiac 
structure  motion  have  been  possible  only  through  laborious  and  time-consuming 
manual  information  processing.  Therefore,  we  developed  a  video  scanner-analog 
computer  system  that  greatly  simplifies  ECHO  analysis .  Up  to  8  non-overlapping 
cardiac  structures  first  are  traced  manually  from  routine  ECHO's  onto  trans- 
parent paper.  This  traced  record  then  is  converted  by  a  television  (TV) 
camera  into  a  TV  picture  consisting  of  524  video  lines.  These  video  lines  are 
processed  sequentially  by  8  individual  signal  detectors,  each  generating  a 
digital  value  proportional  to  the  distance  of  each  traced  signal  from  the 
beginning  to  the  video  line.  The  digital  data  is  converted  to  analog  form, 
processed  using  analog  computer  techniques,  and  recorded  on  a  strip  chart. 
Using  this  system,  we  analyzed  20  routine  ECHO's  and  compared  the  results  with 
manual  analysis.  Mean  velocity  of  circumferential  fiber  shortening  (VCF) , 
maximum  VCF,  instantaneous  transverse  LV  dimension  (TLVD) ,  instantaneous 
estimated  LV  volume  (CTLVDJ3)  and  the  derivative  of  mitral  valve  motion  were 
all  accurately  obtained  (r>0.95).   In  addition,  other  physiological  data  recorded 
on  the  ECHO  record,  such  as  EKG  and  pressures,  may  also  be  analyzed  in 
conjunction  with  cardiac  structure  motion  (allowing,  for  Instance,  the 
construction  of  force-velocity  curves) .  The  use  of  this  system  to  analyze  in 
detail  the  motion  of  a  variety  of  individual  and  paired  cardiac  structures 
allows  important  cardiac  diagnostic  information  to  be  obtained  easily  from 
routine  echocardiograms. 

Proposed  Course  of  Project: 

Honors  and  Awards:  None 


¥3r 


Serial  No.   NHLI-140 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  197 A 

Publications:  Article  published  in  periodical.  A  Video  Scanner -Analog 

Computer  System  for  the  Analysis  of  Routine  Echocardiograms . 
American  Journal  of  Cardiology  32:  961-964,  1973. 
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Project  Title:   The  Differential  Diagnosis  of  Anomalies  of  the  Great  Vessels  by 
Real-Time,  Two-Dlmenslonal  Echocardiography 

Previous  Serial  No . :  None 

Principal  Investigator:  Walter  L.  Henry,  M.D. 

Other  Investigators:  Barry  J.  Maron,  M.D. 
James  M.  Griffith 
David  Redwood,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   Division  of  Research  Services,  Biomedical  Engineering  and 
Instromentation  Branch 

Project  Description:   The  recent  development  of  a  sector-scanner  that  produces 
real-time,  two-dimensional  echocardiograms  has  made  possible  cross-sectional 
Imaging  of  the  heart.  In  this  scanner  system,  a  transducer  Is  angled  rapidly 
through  a  30  or  45  degree  sector  and  generates  30  high  resolution  Images  per 
second,  each  one  containing  100  individual  ultrasound  data  lines.   To  determine 
If  this  system  is  useful  in  the  differential  diagnosis  of  congenital  anomalies 
of  the  great  vessels,  we  studied  23  pts  (age  2  to  33  yrs)  with  cyanotic  congen- 
ital heart  disease  previously  diagnosed  by  cardiac  catheterization.   Images 
were  generated  perpendicular  to  the  long  axis  of  the  heart  at  the  level  of  the 
origin  of  the  great  vessels.  Satisfactory  great  vessel  visualization  was  ob- 
tained in  20  or  23  pts.   Vessels  in  cross-section  appeared  as  circles;  those 
sectioned  longitudinally  appeared  sausage-shaped.   Three  patterns  were  seen: 
a)  a  large  single  circle,  seen  in  2  pts  with  truncus  arteriosus  and  3  with 
pulmonary  atresia;  b)  2  adjacent  circles,  seen  in  11  pts  with  transposition  of 
great  vessels  Including  one  pt  with  Tausslg-Blng  and  2  with  double  outlet  right 
ventricle;  and  c)  a  circle  with  an  anterior  sausage-shaped  structure  curving 
laterally  and  inferior ly  from  right  to  left,  seen  in  4  pts  with  Tetralogy  of 
Fallot.   This  latter  pattern,  also  seen  in  11  normal  subjects  and  20  pts  with 
acquired  heart  disease,  is  characteristic  of  normally  related  great  vessels. 
In  addition  to  anatomic  relationships,  absolute  measurements  of  vessel  diameter 
were  made.   Thus,  two-dimensional  echocardiography  is  a  quick,  non-invasive  and 
extremely  powerful  technique  for  diagnosii  g  congenital  anomalies  of  the  great 
vessels . 

Proposed  Course  of  Project:   Continuing  with  expansi'^n  to  Include  other 
congenital  anomalies 
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Project  Title:   Stress  Myocardial  Imaging  in  the  Evaluation  of  Cardiac  Disease 

Previous  Serial  Number:  None 

Principal  Investigator:   Richard  W.  Myers,  M.D, 

Other  Investigators:     Robert  E.  Goldstein,  M.D. 
Gerald  S.  Johnston,  M.D. 
Stephen  E.  Epstein,  M.D, 

Cooperating  Units:   Laboratory  of  Nuclear  Medicine,  NIH 

Project  Description:   The  feasibility  of  demonstrating  localized  ischemia  as 
"cold  areas"  in  a   K  myocardial  scan  obtained  after  graded  exercise  has  re- 
cently been  reported.   The  underlying  mechanism  of  this  finding  probably  in- 
volved increased  potassium  turnover  in  ischemic  myocardial  in  addition  to  de- 
creased potassium  delivery  by  disease  vessels.   If  systematic  evaluation  shows 
acceptable  diagnostic  accuracy,  a  wide  application  to  the  assessment  of  coro- 
nary artery  disease  may  be  expected,  as  this  technique  would  allow  screening 
of  large  numbers  of  susceptible  patients  as  well  as  provide  useful  information 
in  evaluating  patients  for  more  definitive  techniques  such  as  coronary  angio- 
graphy. 

In  applying  stress  myocardial  imaging,  however,  consideration  must  be  giv- 
en to  other  cardiac  diseases  that  may  involve  regional  myocardial  ischemia  and 
hence  give  false  positive  results.  Asymmetric  septal  hypertrophy  may  be  such 
a  condition.   Its  pathologic  picture  is  that  of  nonuniform  left  ventricular 
hypertrophy.   The  frequent  clinical  findings  of  exertional  chest  pain  and  EKG 
evidence  of  ischemia  or  previous  myocardial  infarction  further  complicate  the 
differentiation  of  asymmetric  septal  hypertrophy  from  coronary  artery  disease. 

The  purpose  of  this  study,  then,  was  first  to  evaluate  the  diagnostic  re- 
liability of  stress  myocardial  scintigraphy  in  patients  with  coronary  artery 
disease,  and  secoaa,  to  describe  localized  abnormalities  in  patients  with  asym- 
metric septal  hypertrophy. 

Each  patient  underwent  myocardial  imaging  on  two  occasions.   At  least  four 
days  (four  half -lives  of   K)  prior  to  ej^ercise  study,  a  baseline  study  was  per- 
formed after  intravenous  injection  of  0.5  to  1.0  mCi  of  '^'^KCl.   The  patient 
then  performed  a  standard  graded  exercise  protocol.   At  the  end  point  of  the 
stress  test  (angina,  fatigue,  dyspnea,  or  reaching  b57o  of  maximum  predicted 
heart  rate),  0.5  to  1.0  mCi  of  ^-^KCl  was  injected  intravenously.   The  patient 
was  transported  to  the  Nuclear  Medicine  Laboratory  and  myocardial  imaging  per- 
formed as  in  the  baseline  study. 
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A  comparison  of  results  of  the  independent  evaluation  of  resting  and 
stress  myocardial  imaging  to  other  diagnostic  studies  allowed  determination  of 
1)  the  accuracy  of  detection  of  ischemia  secondary  to  coronary  artery  disease, 
and  2)  the  assessment  of  the  character  and  occurrence  of  defects  in  asymmetric 
septal  hypertrophy. 

The  presence  of  myocardial  defects  in  patients  with  coronary  artery  dis- 
ease appeared  relatively  specific  when  compared  to  normal  subjects  (positive 
in  7  of  10  patients  with  coronary  artery  disease;  0  of  5  normal  patients). 
However,  3  of  7  patients  with  asymmetric  septal  hypertrophy  showed  similar  de- 
fects.  The  technique  also  was  relatively  insensitive  in  that  3  of  10  patients 
with  coronary  artery  disease  had  negative  studies. 

Proposed  Course  of  Project:   Continuing 

Honors  and  Awards:  None 

Publications:   None 
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Project  Title:   Nitroglycerin  Induced  Reduction  in  Acute  Myocardial  Ischemia 
in  Dogs  with  Pre-existing  Multi-Vessel  Coronary  Occlusive 
Disease 

Previous  Serial  Number:   None 

Principal  Investigator:   Richard  W.  Myers,  M.D. 

Other  Investigators:   James  L.  Scherer,  M.D. 
Richard  A.  Goldstein 
Robert  E.  Goldstein,  M.D. 
Kenneth  M.  Kent,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:  Laboratory  of  Animal  Medicine;  Surgery,  NHLI 
Division  of  Radiology,  Clinical  Center 

Project  Description:   Nitroglycerin  (TNG)  reduces  ischemic  injury  during 
acute  coronary  occlusion  in  dogs  with  otherwise  normal  coronary  arteries,  but 
its  effect  in  the  presence  of  pre-existing  multi-vessel  coronary  disease  is 
unknown.   We  therefore  examined  the  influence  of  TNG  on  acute  ischemia  in 
dogs  with  chronic  multivessel  coronary  occlusions.   The  left  anterior 
descending  (LAD)  coronary  artery  was  acutely  occluded  by  a  balloon  cuff  in 
conscious  dogs  2  weeks  after  placement  of  ameroid  contrictors  to  produce 
gradual  occlusion  of  the  obtuse  marginal  and  posterior  descending  coronary 
arteries.   Adequacy  of  balloon  and  ameroid  coronary  occlusion  and  degree  of 
collateralization  were  assessed  by  coronary  angiography.   TNG  decreased 
arterial  pressure  and  increased  heart  rate.   Myocardial  ischemia,  determined 
after  LAD  occlusion  by  summating  ST-segment  elevation  (£ST)  from  8  intra- 
myocardial  electrodes,  improved  with  TNG  in  those  6  dogs  whose  heart  rate 
increased  '<5Q7o,    but  worsened  in  those  4  whose  heart  rate  increased  >50%. 
When  heart  rate  change  was  eliminated  by  atrial  pacing,  TNG  diminished 
£ST  during  occlusion  in  all  dogs  studied.   When  TNG-induced  change  in  either 
heart  rate  or  arterial  pressure  was  prevented  by  adding  methoxamine,  S.ST 
was  diminished  even  more  (avg  decrease  25%;  p  <.05).   We  conclude  that,  in 
the  presence  of  pre-existing  multi-vessel  coronary  occlusions,  1)  TNG  re- 
duces ischemic  injury  during  experimental  acute  coronary  occlusion  provided 
arterial  pressure  and  heart  rate  responses  are  not  excessive  and  2)  uniform 
improvement  occurs  when  pressure  and  rate  responses  are  abolished  by  an 
alpha  adrenergic  agonist.   These  results  suggest  that  a  similar  pharmacologic 
approach  might  be  applicable  to  the  treatment  of  acute  myocardial  infarction 
in  man,  even  in  the  presence  of  multi-vessel  disease. 

Proposed  Course  of  Project:   Completed 
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Project  Title:  Myocardial  Scintigraphy  in  the  Assessment  of  the  Functional 
Significance  of  Coronary  Artery  Disease 

Previous  Serial  Number:  None 

Principal  Investigators:  Richard  W.  Myers,  M.D. 
David  R.  Redwood,  M.D. 

Other  Investigators:  Samuel  B.  Itscoitz,  M.D. 
Gerald  S.  Johnston,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   Laboratory  of  Nuclear  Medicine 

Project  Description:   The  precise  pathophysiologic  significance  of  sub- 
critical  coronary  narrov/ing  is  unknown.   It  is  generally  accepted  that 
coronary  lesions  producing  50%  stenosis  or  less  are  of  no  functional 
significance;  hence,  patients  with  such  lesions  are  not  considered  candi- 
dates for  bypass  surgery.   Recent  studies  using  a  dual  isotope  technique 
to  assess  relative  myocardial  perfusion,  however,  suggest  that  inadequate 
perfusion  after  a  vasodilatory  stimulus  can  result  from  coronary  lesions 
causing  as  little  as  50%  luminal  narrowing.   These  findings  pose  important 
therapeutic  questions.  We  therefore  plan  to  evaluate  the  relative  significance 
of  coronary  stenotic  lesions  of  varying  severity  by  studying  adequacy  of 
regional  myocardial  perfusion  at  rest  and  at  the  time  of  pacing  induced 
angina  by  the  use  of  intracoronary  injections  of  labeled  macro-aggregated 
albumin  (MAA)  and  human  albumin  microspheres  (HAM) . 

The  patient  initially  undergoes  a  diagnostic  cardiac  catheterization 
including  left  ventricular  angiography  and  selective  coronary  arteriography 
for  medical  indications  unrelated  to  this  study.   The  patient's  stress 
threshold  is  then  determined  by  successively  increasing  heart  rate  by  right 
atrial  pacing  until  85%  of  maximum  predicted  heart  rate  or  angina  occurs. 
Pacing  is  then  discontinued  allowing  rapid  resolution  of  angina  and  a  5-10 
min  stabilization  will  ensue.   For  the  resting  scintigram,  either  "^Tc- 
labeled  HAM  (consisting  of  1-1.5  mCi,  10,000  to  30,000  particles  with 
diameter  10-40  y  suspended  in  5  cc  saline)  or  -'-■^-'■I  labeled  MAA  (100  pCi, 
200,000-400,000  particles  with  diameter  of  10-80  y  suspended  in  5  cc  saline) 
is  injected  into  each  coronary  artery.   Pacing  is  then  initiated  until  the 
stress  threshold  is  attained.   At  this  point,  ^^Tc- labeled  HAM  or  131l 
labeled  MAA  is  injected  into  the  left  coronary  artery  after  which  pacing  will 
be  discontinued.   Following  a  five-minute  rest  period,  pacing  will  be  re- 
peated as  before  and  ■'-^■'-I-MAA  injected  into  the  right  coronary  artery  at 
the  point  of  maximum  stress.   Myocardial  images  representing  resting  and 
stress  scintigrams  are  then  obtained  and  compared  to  assess  stress  induced 
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changes  in  regional  perfusion.   Finally,  in  order  to  evaluate  the 
functional  significance  of  different  degrees  of  narrowing,  adequacy  of 
regional  perfusion  during  pacing  will  be  correlated  with  degree  of  coronary 

stenosis  as  judged  from  coronary  angiograms. 

Proposed  Course  of  Project:   Continuing 
Honors  and  Awards :   None 
Publications:   None 
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Project  Title:   Dynamic  EKG-gated  Scintiangiography 

Previous  Serial  Number:   None 

Principal  Investigators:  Richard  W.  Myers,  M.D. 
Michael  V.  Green,  M.D. 

Other  Investigators:  Harold  G.  Ostrow,  M.D. 
Margaret  Douglas,  M.D. 
James  J.  Bailey,  M.D. 
Gerald  S.  Johnston,  M.D. 
David  R.  Redwood,  M.D. 
Samuel  B.  Itscoitz,  M.D. 

Cooperating  Units:   Laboratory  of  Nuclear  Mediclnei  Division  of  Computer 
Research  and  Technology 

99m 
Project  Description:   Using  intravenous    Tc  human  albumin,  an  EKG-gated, 

computer-based,  scintigraphic  imaging  procedure  that  produces  a  sequence  of 
consecutive  10-millisecond  images  to  represent  a  single,  complete,  average 
cardiac  cycle  was  evaluated.   Repetitive  projection  of  this  image  sequence 
as  a  scintigraphic  cineangiogram  permits  visualization  of  the  dynamic  be- 
havior of  the  entire  heart  and  associated  vasculature  during  both  systole 
and  diastole  and  can  reveal  defects  such  as  myocardial  akinesis. 

The  picture  sequence  was  also  investigated  quantitatively  to  directly 
yield  ejection  duration  and  to  estimate  ejection  fraction.   Relative  (and 
potentially  absolute)  measures  of  instantaneous  ventricular  volume  and 
maximum  Instantaneous  flow  can  also  be  made. 

Limitations  to  the  quantitative  aspects  of  the  procedure  include  those 
imposed  by  variable  R-R  interval  lengths,  uncertainties  in  the  calculation 
of  ventricular  background  and  various  physical  and  subject-detector 
geometry  considerations. 

The  procedure  offers  several  advantages  over  other  techniques  for 
assessing  ventricular  function.   It  is  nca-invasive,  repeatable,  may  be 
performed  by  technical  personnel  and  can  /ield  information  not  readily 
obtained  by  other  methods. 

Proposed  Course  of  Project:   Continuing 

Honors  and  Awards:   None 

Publications:   None 
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Project  Title:  Beneficial  Effect  of  Vagal  Stimulation  and  Bradycardia  During 
Experimental  Acute  Myocardial  Ischemia 

Previous  Serial  Number:  None 

Principal  Investigators:   Richard  W.  Myers,  M.D. 
Alan  S.  Pearlman,  M.D. 

Other  Investigators:   Richard  M.  Hyman,  M.D. 

Richard  A.  Goldstein,  M.D. 
Kenneth  M.  Kent,  M.D. 
Robert  E.  Goldstein,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:  None 

Project  Description:   It  commonly  is  believed  that  vagally-mediated  bradycardia 
predisposes  to  ventricular  fibrillation  (VF)  during  acute  myocardial  ischemia 
(AMI).   Recent  experimental  studies,  however,  have  shown  that  bradycardia  and 
vagal  stimulation  independently  raise  the  threshold  to  electrically  induced 
VF  in  the  ischemic  canine  heart.   To  determine  the  influence  of  vagal 
stimulation  on  the  spontaneous  development  of  VF  occurring  during  AMI,  open- 
chest  dogs  with  acute  coronary  occlusion  were  observed  in  the  presence  and  in 
the  absence  of  electrical  vagal  stimulation.   When  heart  rate  was  allowed  to 
fall,  mean  time  to  VF  was  14.7  ±  2.1  min/^.E.)  in  the  control  dogs,  23.1  - 
1.9  (p  <.01)  in  the  dogs  with  low  intensity  vagal  stimulation  (i.e.,  heart  rate 
about  100/min),  and  28.6  *  0.9  (p  <.001)  in  dogs  with  high  intensity  vagal 
stimulation  (i.e.,  heart  rate  about  60/min) .  Only  10%  of  the  control  animals 
survived  after  30  min  of  occlusion  compared  to  40%  (NS)  of  the  dogs  with  low 
intensity  vagal  stimulation  and  71%  (p  <.05)  of  the  dogs  with  high  intensity 
vagal  stimulation.   Thus,  vagal  stimulation  and  bradycardia  were  associated 
with  a  postponement  or  prevention  of  VF.   In  a  second  series  of  animals  with 
heart  rate  maintained  constant  by  right  ventricular  pacing  stimulation  continued 
to  exert  a  protective  effect  against  the  development  of  VF.   Time  to  VF  was 
increased  (11.0  *  2.0  min  in  control  animals  compared  to  22.6  -  2.5  in  dogs  with 
vagal  stimulation;  p  <.005)  and  percent  survival  was  enhanced  (12%  in  control 
animals  versus  57%  in  the  vagally  stimulated  group;  p  <.02).   Similar  results 
were  observed  in  a  third  series  of  dogs  in  which  electrical  stimulation  was 
applied  to  the  peripheral  ends  of  the  cut  cervical  vagi.   We  conclude  that 
vagal  stimulation,  with  or  without  accompanying  bradycardia,  reduces  the 
incidence  of  spontaneous  VF  in  experimental  coronary  occlusion.   Thus,  enhanced 
vagal  tone  might  act  to  reduce  rather  than  increase  the  risk  of  arrhythmic 
death  occurring  during  AMI  in  man. 
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Honors  and  Awards:  None 

Publications:   PUBLISHED  IN  PERIODICAL 

R.  W.  Myers,  A.  S.  Pearlman,  R.  M.  Hjrman,  R.  A.  Goldstein,  K.  M.  Kent, 
R.  E.  Goldstein,  S^  E,  Epstein:   Beneficial  Effects  of  Vagal  Stimulation 
and  Bradycardia  During  Experimental  Acute  Myocardial  Ischemia. 
Circulation.   In  press. 
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Project  Title:   Regulation  of  Canine  Coronary  Blood  Flow  by  Endogenously 
Synthesized  Prostaglandins 

Previous  Serial  Number:  None 

Principal  Investigator:   Kenneth  M.  Kent,  M.D. 

Other  Investigators:   R.  Wayne  Alexander,  M.D. 

Cooperating  Units:   Hypertension-Endocrine  Branch,  NHLI 

Project  Description:   Endogenous  prostaglandin  synthesis  has  been  demonstrated 
to  be  an  important  control  system  in  regulation  of  blood  flow  in  the  kidney  and 
cutaneous  tissues.   Therefore,  we  have  evaluated  the  role  of  endogenously 
synthesized  prostaglandins  in  the  control  of  coronary  blood  flow.   The  left 
main  coronary  artery  was  cannulated  and  coronary  flow  was  measured  in  both 
otherwise  intact  dogs  and  in  canine  heart  lung  preparations.   Coronary  sinus 
prostaglandin  E  was  measured  by  a  radioimmuno  assay.   Reactive  hyperemia 
(integral  of  coronary  flow  after  occlusion  release)  was  induced  by  occluding 
the  left  main  coronary  artery  for  10,  15  and  20  seconds  and  was  39  -  13 
(mean  *  SEM) ,  66  -  21  and  82  -  24  ml,  respectively.   Prostaglandin  synthetase 
was  then  inhibited  by  either  indomethacin  or  meclofenamate,  which  markedly 
decreased  basal  prostaglandin  E  output.  After  administration  of  either  of 
these  agents,  reactive  hyperemia  was  decreased  to  15  -  5,  33-11  and  47  -  17  ml 
respectively  for  10,  15  and  20  second  coronary  artery  occlusion  (p  <  0.05). 
Arterial  hypoxemia  was  also  induced  in  5  heart  lung  preparations  before  and 
after  indomethacin  or  meclofenomate.   In  control  preparations  hypoxia  increased 
coronary  blood  flow,  and  in  the  3  preparations  in  which  prostaglandins  were 
measured  it  increased  prostaglandin  output.   After  indomethacin  or  meclofenamate, 
a  decrease  in  arterial  saturation  to  the  same  level  was  accompanied  by 
significantly  less  coronary  vasodilation  and  less  prostaglandin  output. 

Thus,  it  appears  that  intact  prostaglandin  synthesis  is  responsible  to  some 
degree  for  the  usual  coronary  vasodilation  that  accompanies  ischemia  and 
hjrpoxia.   Furthermore,  prostaglandin  synthesis  may  be  important  in  the 
exquisitely  sensitive  regulation  of  coronary  blood  flow  in  response  to  changes 
in  myocardial  oxygen  demands. 

Proposed  Course  of  Project:   Completed. 

Honors  and  Awards:   None 

Publications:   None 
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Project  Title:   Cholinergic  Innervation  of  Human  Ventricular  Conducting  Tissue 

Previous  Serial  Number: 

Principal  Investigator:   Kenneth  M.  Kent,  M.D. 

Other  Investigators:   Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   None  . 

Project  Description:   Increased  vagal  tone  increases  ventricular  electrical 
stability  in  both  ischemic  and  non-ischemic  canine  myocardium  and  decreases 
the  incidence  of  lethal  ventricular  arrhythmias  during  experimental  myocardial 
infarction.   In  studies  of  canine  hearts,  we  found  that  this  protective  effect 
of  vagal  stimulation  could  be  ascribed  to  a  rich  network  of  cholinergic  nerve 
fibres  intimately  related  to  the  ventricular  conducting  system;  when  these 
fibres  were  ablated,  the  protective  effects  of  vagal  stimulation  were  no  longer 
present.   The  purpose  of  the  present  studies  was  to  examine  the  cholinergic 
innervation  of  human  hearts  to  determine  whether  similar  anatomic  pathways  are 
present  in  man. 

Human  tissue  was  obtained  at  autopsy  within  12  hours  of  death  from  5  patients 
without  known  cardiac  disease.   Tissue  from  the  sinoatrial  (SA)  node  region, 
the  atrioventricular  (AV)  node,  the  His  bundle,  the  left  bundle  branch,  and  the 
free  wall  of  the  left  ventricle  were  examined.   To  determine  whether  postmortem 
time  was  a  factor  in  the  disappearance  of  acetylcholinesterase  (AchE) activity 
in  human  tissue,  fresh  samples  of  atrial  myocardium  (atrial  appendage  removed 
at  the  time  of  cannulation  for  extracorporeal  circulation)  and  ventricular 
myocardium  (removed  at  time  of  myectomy  for  asjrametric  septal  hypertrophy) 
were  obtained  at  the  time  of  operation,  frozen  on  dry  ice  and  analyzed 
immediately. 

Rich  cholinergic  innervation  of  the  SA  node,  atrial  myocardium  and  AV  node,  as 
identified  by  specific  histochemical  stains  for  AChE,  was  present  in  human 
hearts.   Cholinergic  innervation  of  ventricular  myocardium,  however,  was 
limited  to  perivascular  terminals,  axonal  trunks  and  sparse  branches  that 
originated  from  the  larger  trunks.   Human  ventricular  myocardium  obtained  at 
operation  also  demonstrated  the  same  sparse  AChE  activity,  indicating  that  the 
paucity  of  cholinergic  innervation  of  the  ventricle  was  not  an  artefact  due  to 
obtaining  tissue  6-12  hours  postmortem.   Tn  cent  u-  to  the  scant  innervation 
of  ventricular  myocardium,  the  ventricular  conducLic.,:  systei  of  human  hearts 
was  richly  innervated.   The  cholinergic  innervation  took  the  form  of  delicate 
nerve  terminals  that  ran  parallel  to  the  Purkinje  fibers  in  the  left  bundle. 
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The  only  area  of  ventricular  myocardium  that  contained  any  degree  of  AChE 
activity  was  myocardium  adjacent  to  the  left  bundle. 

Thus,  human  ventricles  have  similar  anatomic  cholinergic  pathways  which,  in 
the  dog,  are  responsible  for  enhancing  ventricular  electrical  stability. 

Proposed  Course  of  Project:   Completed 

Honors  and  Awards :  None 

Publications:   None 
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Project  Title:  Effects  of  Edrophonium  Chloride  on  Acutely  Ischemic  Myocardium 

Previous  Serial  Number:  None 

Principal  Investigator:  Lura  Harrison,  Ph.D. 

Other  Investigators:  Kenneth  M.  Kent,  M.D. ,  Ph.D. 
Lynn  H.  Harrison,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   Clinical  Surgery  Branch 

Project  Description:  Recently  we  demonstrated  that  vagal  stimulation  Increases 
ventricular  fibrillation  threshold  (VFT)  and  decreases  the  incidence  of 
spontaneous  ventricular  fibrillation  during  acute  coronary  occlusion.  Assuming 
this  protective  effect  of  the  vagus  to  be  mediated  through  acetylcholine  release, 
we  hypothesized  that  inhibition  of  acetylcholinesterase,  a  potential  clinical 
intervention,  would  also  enhance  electrical  stability  of  acutely  ischemic 
myocardium.  A  balloon  cuff  was  placed  around  the  left  anterior  descending 
coronary  artery  (LAD)  and  left  ventricular  and  atrial  electrodes  were  implanted 
in  10  dogs.   Five  to  seven  days  later  VFT  was  determined  (VFT  was  defined  as 
the  minimum  current  required  to  produce  ventricular  fibrillation) .  During  non- 
ischemic conditions  VFT  was  42  -  8  ma;  when  edrophonium  was  infused  (1-2  mg/kg/ 
min),  VFT  increased  to  77  ±  u  ma  (p  <.005).  During  ischemia  induced  by  LAD 
occlusion,  VFT  fell  to  19  *  4  ma.  Edrophonium  Increased  VFT  during  ischemia 
to  52  *  13  ma  (  p<  .005),  a  level  not  significantly  different  from  pre-ischemla 
values.  Thus,  these  data  suggest  that  the  salutary  effects  of  edrophonium  on 
VFT  are  mediated  by  inhibition  of  mediated  acetylcholinesterase,  an  action  that 
presumably  leads  to  increased  concentrations  of  acetylcholine  at  cholinergic 
nerve  endings.   The  results  of  this  study  further  indicate  that  the  protective 
effects  of  vagal  stimulation  on  ventricular  electrical  stability  are  mediated 
by  acetylcholine  release  and  that  these  protective  actions  may  be  mimicked  by 
administration  of  the  acetylcholinesterase  inhibitor  edrophonium. 

Proposed  Course  of  Project:  Completed. 

Honors  and  Awards:  None 

Publications:  Published  in  a  periodical. 

Enhancement  of  Electrical  Stability   f  Acutely  Ischemic 
Myocardium  by  Edrophonium.  L.A.  Harrison,  L.H.Harrison, 
K.M.Kent,  S.E.Epstein.  CIRCULATION:  July,  1974. 
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Project  Title:   Electrocardiographic  Evidence  of  LVH  in  Otherwise  Normal 
Children:  Its  Clarification  by  Echocardiography. 

Previous  Serial  Number: 

Principal  Investigator:  Joel  Morganroth,  M.D. 

Other  Investigators:   Barry  J.  Maron,  M.D. 
Walter  L.  Henry,  M.D. 
L.  Jerome  Krovetz,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   Johns  Hopkins  Hospital 

Department  of  Pediatrics 

Project  Description:   Eleven  children  with  electrocardiograms  demonstrating 
markedly  increased  precordial  voltages  suggestive  of  left  ventricular 
hypertrophy,  who  were  otherwise  entirely  normal,  were  studied  by  echocardio- 
graphy to  determine  whether  this  electrocardiographic  finding  represented  an 
early  manifestation  of  cardiac  disease.   Echocardiographlc  measurements  of  the 
thickness  of  the  ventricular  septum  and  of  left  ventricular  posterior-basal 
wall  were  normal  in  all  11  subjects  when  compared  to  normal  values  for  age. 
Ventricular  septal  thicknesses  ranged  from  6  mm  to  9  mm  with  a  mean  of  7.8  mm 
(normal  6  mm  to  9  mm) .   Posterobasal  left  ventricular  wall  thicknesses  ranged 
from  6  mm  to  9  mm  with  a  mean  of  7.8  mm  (normal  6  mm  to  9  mm).  Also  within 
normal  limits  were  left  ventricular,  left  atrial  and  aortic  root  internal 
diameters,  left  ventricular  mass,  and  the  motion  and  structure  of  the  anterior 
and  posterior  mitral  valve  leaflets.  We  conclude  that  1)  these  children 
probably  have  normal  hearts,  2)  that  increased  precordial  voltage  in  children 
and  adolescents,  in  the  absence  of  other  abnormalities,  is  an  unreliable 
indicator  of  left  ventricular  hypertrophy,  and  3)  that  echocardiography  is  a 
powerful  diagnostic  test  in  determining  the  significance  of  abnormal  electro- 
cardiograms suggestive  of  left  ventricular  hypertrophy. 

Proposed  Course  of  Project:   Completed. 

Honors  and  Awards:   None 

Publications:   Submitted  to  American  Journal  of  Cardiology 
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Project  Title:   The  Athlete's  Heart:   Comparative  Left  Ventricular  Dimensions 
of  Collegiate  Athletes  Participating  in  Sports  Requiring 
Isotonic  or  Isometric  Exertion 

Previous  Serial  Number:   None 

Principal  Investigator:   Joel  Morganroth,  M.D. 

Other  Investigators:   Barry  J.  Maron,  M.D. 
Walter  L.  Henry,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   None 

Project  Description:   Trained  athletes  have  enlarged  hearts  on  x-ray.   However, 
because  more  informative  noninvasive  techniques  have  been  unavailable,  little 
is  known  about  this  condition.   To  better  define  the  "athlete's  heart",  we 
determined  by  echocardiography  left  ventricular  (LV)  volumes,  wall  thickness, 
and  mass  in  42  actively  competing  college  athletes  and  14  world  class 
athletes.  Four   groups  were  compared:   swimmers  and  long  distance  runners 
(isotonic  exercise)  and  wrestlers  and  shot  putters  (isometric  exercise) . 
Mean  LV  end-diastolic  volume  was  greater  (p  <.001)  in  swimmers  (181±8  ml)  and 
runners  (160^15  ml)  when  compared  to  age-sex  matched  nonathlete  controls 
(100±5  ml).   LV  wall  thickness  in  swimmers  and  runners  was  normal,  but 
calculated  LV  mass  (swimmers  4.1±1.2  g/kg;  runners  4.8+. 2)  was  greater  than 
controls  (2.8+.1;  p  <.001).   In  contrast,  wrestlers  had  normal  LV  end- 
diastolic  voliime  (110+13  ml)  but  increased  LV  wall  thickness  (15.0±.4  mm  vs 
control  of  10.7±0.1;  p  <.001)  and  increased  mass  (5.0±0.1  g/kg,  p  <.001). 
Ventricular  volume  and  wall  measurements  of  college  athletes  and  world  class 
athletes  were  identical.   Thus,  athletes  competing  in  events  requiring 
strenuous  isotonic  exercise  had  increased  LV  volume  without  increased  wall 
thickness,  a  condition  similar  to  that  present  in  cardiac  patients  with 
chronic  volume  overloads  (i.e.,  aortic  regurgitation);  athletes  competing  in 
isometric  events  had  increased  wall  thickness  without  Increased  LV  volume,  as 
do  patients  witl;  a  pressure  loaded  LV  (i.e.  aortic  stenosis). 

Proposed  Course  of  Project:   Completed 

Honors  and  Awards :   None 

Publications:   Manuscript  submitted  to  New  England  Journal  of  Medicine, 
April, 1974  
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Project  Title:   Relation  Between  Left  Atrial  Size  and  Development  of  Atrial 
Fibrillation  in  Patients  with  Mitral  Valve  Disease 

Previous  Serial  Number: 

Principal  Investigator:   Joel  Morganroth,  M.D. 

Other  Investigators:   Alan  S.  Pearlman,  M.D. 
Walter  L.  Henry,  M.D. 


Stephen  E.  Epstein,  M.D. 


Cooperating  units: 


Project  Description:   Systemic  embolization,  a  serious  complication  of  mitral 
valve  disease,  usually  occurs  in  patients  in  atrial  fibrillation  (AF)  and 
particularly  in  those  who  recently  have  converted  from  normal  sinus  rhythm  (NSR) 
to  AF.   It  therefore  would  be  important  to  identify  patients  in  NSR  who  are  a 
high  risk  of  developing  AF.   In  an  attempt  to  define  an  index  predictive  of 
onset  of  AF,  92  patients  with  rheumatic  mitral  disease  (43  with  mitral  stenosis, 
25  with  mitral  regurgitation,  and  26  with  mixed  disease)  were  evaluated  by 
echocardiography  (ECHO).   Forty-eight  patients  were  in  chronic  AF.   In  47 
of  48  left  atrial  (LA)  size  measured  by  ECHO  was  -  40  mm.   This  contrasts  to  a 
mean  value  of  <  30  mm  found  in  normal  adults.   Forty-three  patients  were  in 
NSR:   22  of  43  had  LA  size  <  40  mm  and  none  had  a  history  of  paroxysmal  AF; 
21  patients  had  LA  size  -  40  mm  and  7  (33%)  had  a  history  of  paroxysmal  AF. 
Two  of  9  patients  (22%)  with  paroxysmal  AF  and  12  of  48  patients  (25%)  in 
chronic  AF  had  a  history  of  major  systemic  embolization.   Cardiac  catheterization 
in  48  patients  demonstrated  that  LA  pressure  did  not  correlate  with  rhythm  or 
LA  size.   No  significant  difference  in  LA  size  occurred  in  4  patients  studied 
immediately  before  and  after  cardioversion  suggesting  that  the  LA  size  was  a 
cause  and  not  the  result  of  AF.   We  conclude  that  LA  size  is  an  important 
factor  in  the  development  of  AF.   Moreover,  LA  size  -  40  mm  by  ECHO  in  patients 
with  mitral  disease  and  NSR  appears  to  identify  a  group  at  high  risk  of 
developing  AF,  and  possibly  systemic  embolization. 

Proposed  Course  of  Project:   Continuing. 

Honors  and  Awards:  None 

Publications:   Manuscript  in  preparation. 
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Project  Title:   Idiopathic  Left  Ventricular  Hypertrophy:   Echocardiographic 
Evidence  Against  Its  Existence 

Previous  Serial  Number:   None 

Principal  Investigator:   Joel  Morganroth,  M.D. 

Other  Investigators:   Walter  L.  Henry,  M.D. 
Barry  J.  Maron,  M.D. 
Chester  E.  Clark,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   None 

Project  Description:  When  left  ventricular  (LV)  hypertrophy  occurs  in  the 
absence  of  valvular,  hypertensive  or  infiltrative  disease,  it  may  be  con- 
sidered a  manifestation  of  primary  myocardial  disease.   One  hundred  twenty- 
eight  patients  in  whom  such  a  diagnosis  was  made  clinically  were  evaluated. 
After  patients  with  dilated  ("congestive")  cardiomyopathy,  typical  idio- 
pathic hypertrophic  subaortic  stenosis  (IHSS) ,  and  family  members  of 
patients  with  IHSS  were  excluded,  44  subjects  remained.   All  had  either  the 
suspicion  of  LV  hypertrophy  clinically  or  met  Estes  ECG  criteria  for  LV 
hypertrophy.   Cardiovascular  symptoms  were  present  in  84%.   Echocardiograms 
were  obtained  in  39  of  44  patients  who  were  then  classified  into  three  groups: 
asymmetric  septal  hypertrophy  (ASH)  (septal  thickening  present  with  septal 
to  LV  free  wall  thickness  ratio  >^1,3);  concentric  LV  hypertrophy  (septal 
and  LV  free  wall  thickened  equally) ;  and  normal  (septal  and  LV  free  wall 
thickeness  essentially  equal  and  each  less  than  12  mm) .   Of  the  39  subjects 
with  echocardiograms,  33  had  ASH,  6  were  normal  and  none  had  concentric  LV 
hypertrophy.   LV  mass  calculated  in  the  6  subjects  with  normal  echocardio- 
grams (each  of  whom  had  LV  hypertrophy  solely  by  ECG  criteria)  was  also  nor- 
mal, suggesting  a  false  positive  ECG  diagnosis  of  LV  hypertrophy.   We  con- 
clude that  most  patients  with  clinical  or  electrocardiographic  evidence  of 
unexplained  LV  hypertrophy  have  either  ASH  or  are  normal.   Thus,  if 
idiopathic  LV  hypertrophy  (symmetric  thickening  of  both  the  septum  and  LV 
free  wall)  does  exist  as  a  separate  disease  entity,  it  must  be  distinctly 
uncommon. 

Proposed  Course  of  Project:   Completed 

Honors  and  Awards :   None 

Publications:   Manuscript  submitted  to  The  New  England  Journal  of  Medicine 
In  press,  1974. 
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Project  Title:   Determinants  of  Septal  Motion:  An  Echocardiographic  Study 

Previous  Serial  Number:  None 

Principal  Investigator:  Alan  S.  Pearlman,  M.D. 

Other  Investigators:  Joel  Morganroth,  M.D. 
Walter  L.  Henry,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:  None 

Project  Description:   Normally,  the  ventricular  septum  (VS)  moves  during 
systole  away  from  the  sternum  and  towards  the  posterior  left  ventricular 
(LV)  free  wall.   In  many  patients  with  atrial  septal  defects,  the  septum 
moves  paradoxically  during  systole,  or  towards  the  sternum.   To  better  under- 
stand the  determinants  of  septal  motion,  echocardiographic  studies  of  septal 
motion  were  performed  in  normal  patients  and  in  those  with  ventricular  volume 
overload.   In  30  patients  with  right  ventricular  (RV)  volume  overload 
secondary  to  atrial  septal  defect,  septal  motion  was  frankly  paradoxic  in 
19  (63%),  flat  in  5  (17%)  and  normal  in  6  (20%).   The  pattern  of  septal 
motion  was  not  determined  by  size  of  shunt  or  RV  pressure,  but  was  related 
to  RV  diastolic  transverse  diameter,  and  to  the  position  of  the  VS  relative 
to  the  anterior  RV  wall.   Thus,  all  patients  with  normal  septal  motion,  and 
no  patients  with  flat  or  paradoxic  motion,  had  a  septal  position  (defined 
in  end-diastole  as  the  distance  from  anterior  epicardium  to  mid-septum/ 
total  cardiac  diameter)  j<0.40.   When  septal  motion  was  quantitated  as 
diastolic  minus  systolic  septal  position/total  cardiac  diameter,  the 
magnitude  and  direction  of  VS  motion  was  linearly  related  to  end-diastolic 
septal  position  (r  =  0.60,  p  <0.01).   Preliminary  observations  in  patients 
with  other  causes  of  RV  volume  overload,  with  left-right  shunts  but  no  RV 
overload,  with  left  ventricular  volume  overload,  and  with  normal  hearts, 
indicate  a  similar  relation  between  septal  position  and  septal  motion.  We 
conclude  that  systolic  septal  motion  may  deviate  from  normal  in  any 
situation  that  displaces  septal  position  within  the  heart  to  a  location  rela- 
tively farther  from  the  RV  anterior  wall  and  closer  to  the  LV  posterior  wall 
than  normal,  and  that  the  degree  of  abnormal  motion  depends  upon  the  degree 
of  deviation  of  septal  position  from  normal. 

Proposed  Course  of  Project:   Continuing 

Honors  and  Awards :   None 

Publications :   None 

1  'fS 


Serial  No.      NHTJ-155fc) 

1.  Cardiology 

2.  Clinical  Physiology 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Asymmetric  Septal  Hypertrophy  (ASH):  The  Great  Masquerader. 

Previous  Serial  Number:   None 

Principal  Investigator:   Chester  E.  Clark,  M.D. 

Other  Investigators:   Walter  L.  Henry,  M.D. 

Stephen  E.  Epstein,  M.D. 

Cooperating  Units:  None 

Project  Description:   Echocardiography  is  the  most  specific  and  sensitive  means 
of  detecting  asymmetric  septal  hypertrophy  (ASH) ,  the  characteristic  anatomic 
abnormality  in  IHSS.   With  this  technique  we  found  that  most  patients  with  ASH 
do  not  have  left  ventricular  outflow  obstruction.   Since  the  classic  clinical 
features  of  IHSS  are  dependent  on  the  presence  of  obstruction,  diagnosis  is 
often  difficult.   Indeed,  we  found  11  patients  with  echocardiographically 
detected  ASH  who,  prior  to  echo  testing,  had  been  carried  in  our  clinic  with 
incorrect  diagnoses.   Five  patients  had  angina  pectoris  with  abnormal  ECG's 
and  were  considered  to  have  coronary  artery  disease.   In  4,  symptoms  appeared 
when  the  patients  were  in  their  thirties.   The  fifth  patient  became  symptomatic 
at  age  53  and  was  found  to  have  coronary  artery  disease  in  addition  to  ASH. 
Three  of  these  patients  were  thought  to  have  had  myocardial  infarcts  and  2  had 
persistently  abnormal  Q  waves.   Six  patients  were  diagnosed  as  idiopathic 
myocardial  hypertrophy  (IMH)  on  the  basis  of  physical  exam.  X-ray  or  ECG. 
All  had  S,  gallops  and  5  had  soft  systolic  murmurs.   All  were  catheterized: 
findings  were  interpreted  as  showing  IMH.  ASH  without  obstruction  was  detected 
subsequently  by  echocardiogram.  We  conclude  that  ASH  is  a  more  common  disease 
than  previously  suspected,  that  correct  diagnosis  often  can  be  made  only  by 
echocardiography,  and  that  ASH  can  masquerade  in  several  different  clinical 
costumes. 

Proposed  Course  of  Project:   Completed 

Honors  and  Awards:   None 

Publications :   None 
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Project  Title:   The  Association  of  Asymmetric  Septal  Hypertrophy  and  Hyper- 
triglyceridemia . 

Previous  Serial  Number:   None 

Principal  Investigator:   Chester  E.  Clark,  M.D. 

Other  Investigators:  Walter  L.  Henry,  M.D. 

Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   None 

Project  Description:   We  have  shown  that  asymmetric  septal  hypertrophy  (ASH), 
the  basic  anatomic  defect  in  IHSS,  is  transmitted  as  an  autosomal  dominant 
trait.   In  the  present  study  we  found  29  of  50  patients  (58%)  with  ASH  had 
serum  triglyceride  (TG)  levels  above  normal  (without  chylomlcronemia) 
following  a  12-14  hr.  fast.   Twenty-six  of  the  29  with  increased  TG  had 
Type  IV  hyperlipoproteinemia.   Three  of  the  29  had  markedly  elevated  choles- 
terol and  TG  levels.   Their  lipoprotein  pattern  was  diagnostic  of  Type  III 
disease.   All  3  were  related.  Another  member  of  this  family  has  been  studied 
and  found  to  have  neither  ASH  nor  hyperlipoproteinemia.  Although  all  our 
patients  were  not  tested,  we  found  that  7  had  abnormal  GTT's,  one  had  reactive 
hypoglycemia,  and  2  were  overtly  diabetic.   To  test  whether  hypertriglyceridemia 
could  be  a  nonspecific  response  to  the  stress  of  heart  disease,  we  analyzed 
a  group  of  70  age-matched  patients  with  moderate  to  severe  impairment  due  to 
congenital  or  rheumatic  heart  disease.   None  had  diabetes,  cyanosis  or  coronary 
artery  disease.   Hypertriglyceridemia  was  present  in  6  (9%),  a  prevalence 
significantly  less  than  in  the  ASH  patients  (p<.001).   We  conclude  that  a 
large  proportion  of  patients  with  ASH  have  hypertriglyceridemia  with  either 
Type  III  or  Type  IV  pattern. 

Proposed  Course  of  Project:   Completed 

Honors  and  Awards:   None 

Publications :   None 
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Project  Title:  Electrocardiographic  Findings  in  100  Patients  with  Asjrmmetric 
Septal  Hypertrophy 

Previous  Serial  Number:  None 

Principal  Investigator:   Chester  E.  Clark,  M.D. 

Other  Investigators:     Walter  L.  Henry,  M.D, 

Stephen  E.  Epstein,  M.D. 

Cooperating  Units:  None 

Considerable  difficulty  exists  in  establishing  the  correct  diagnosis  in 
the  majority  of  patients  with  asymmetric  septal  hypertrophy  (ASH).   This 
study  defines  the  ECG  abnormalities  in  100  patients  with  nonobstructive  (62 
patients)  and  obstructive  (38  patients)  ASH  (IHSS).   Five  had  atrial  fibrilla- 
tion, 9  right  atrial  enlargement,  30  left  atrial  enlargement,  6  Wolf f-Parkinson- 
Whlte,  6  prolonged  P-R  Interval,  1  right  bundle  branch  block,  5  left  bundle 
branch  block,  28  left  axis  deviation,     40  left  ventricular  hypertrophy, 
24  abnormal  Q  waves,  and  54  abnormal  T  waves.  No  abnormality  was  specific 
for  either  the  nonobstructive  or  obstructive  patients.  Abnormalities  occurred, 
however,  in  36  of  38  patients  (95%)  with  obstruction,  but  in  only  35  of  62 
(56%)  without  (p<.001).   Since  most  patients  with  ASH  do  not  have  obstruction, 
we  estimate  that  40%,  of  all  patients  with  ASH  have  normal  ECG's.   In  patients 
with  obstruction,  no  ECG  abnormality  correlated  with  the  degree  of  septal  or 
LV  wall  thickness  or  severity  of  symptoms.   In  patients  without  obstruction, 
left  axis  deviation,    or  abnormal  T  waves  did  indicate  a  thicker  ventricu- 
lar septum  (p<.01).   The  presence  and  location  of  abnormal  Q  waves  could  not 
be  predicted  on  the  basis  of  septal  thickness,  LV  wall  thickness,  or  the 
presence  of  obstruction.  We  conclude  that  1)  normal  ECG's  commonly  occur  in 
patients  with  ASH,  2)  no  ECG  feature  rules  in  or  out  the  presence  of  ASH  and 
3)  any  patient  with  an  unusual  and  unexplained  ECG  should  be  suspected  of 
having  ASH. 

Proposed  Course  of  Project:   Completed 

Honors  and  Awards:  None 

Publications:  None 
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Project  Title:   The  Growth  of  Cells  in  Tissue  Culture  from  Patients  with  ASH 

Previous  Serial  Number:  None 

Principal  Investigator:   Chester  E.  Clark,  M,D. 

Other  Investigators:     Walter  L.  Henry,  M.D. 

Stephen  E.  Epstein,  M.D. 

Cooperating  Units:  None 

Project  Description:  We  have  shown  that  ASH  is  a  genetically  determined  dis- 
ease that  is  transmitted  as  an  autosomal  dominant  trait.   In  an  effort  to  un- 
derstand the  basid  cellular  defect  we  have  attempted  to  cultivate  cells  ob- 
tained at  operation  from  the  ventricular  septum  of  patients  with  ASH.   Initial 
efforts  involving  enzymatic  dissociation  of  the  cells  failed.   Subsequently 
we  used  an  explant  technique  which  yielded  a  very  slow  outgrowth  of  cells. 
Morphologically  these  cells  appear  to  be  large,  bizarre  fibroblasts.  We  have 
not  positively  identified  any  cardiac  muscle  cells.   If  further  efforts  do  not 
produce  viable  cardiac  cells,  then  hybridization  of  the  abnormal  fibroblasts 
with  normal  heart  cells  will  be  attempted. 

Proposed  Course  of  Project:   Continuing 

Honors  and  Awards:   None 

Publications:   None 
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Project  Title:  Coronary  Collateral  Function  In  Patients  Without  Coronary 
Artery  Disease 

Previous  Serial  Number:  NHLI- 10(c) 

Principal  Investigator:  Robert  E.  Goldstein,  M.D. 

Other  Investigators:  Lawrence  Mlchaelis,  M.D. 
Andrew  G.  Morrow,  M.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   Clinic  of  Surgery,  NHLI 

Project  Description:  Little  is  known  of  the  functional  capacity  of  coronary 
collaterals  in  humans  without  occlusive  coronary  artery  (CA)  disease.  We 
therefore  measured  peripheral  coronary  pressure  (PCP)  and  retrograde  flow 
(RF)  from  CA  at  aortic  valve  replacement  in  7  patients  without  occlusive  CA 
disease.   Using  a  t-connection  interposed  in  left  (L)  and  right  (R)  coronary 
perfusion  lines,  data  were  obtained  during  brief  proximal  occlusion  of  each 
line.   PCP  was  expressed  as  a  fraction  of  perfusion  pressure  (PP)  and 
collateral  resistance  (CR)  was  calculated  as  PP/RF.   Mean  values  were  as 
follows: 

Occluded         RF        CR  (mm/Hg/        PCP 

perfuser      (ml/min)       ml/min)        (mm  Hg)      PCP/PP 

LCA  1.8  46  13         0.19 

RCA  1.2  62  16         0.24 

In  contrast,  previous  studies  of  well-collateralized  distal  segments  of 
diseased  CA  revealed  mean  RF  15.7,  CR  5.1,  and  PCP/PP  0.50.   Under  the  con- 
ditions of  study,  all  vessels  interconnecting  the  non-diseased  RCA  and  LCA 
delivered  flow  and  pressure  less  readily  than  collaterals  to  a  single  distal 
segment  of  a  diseased  CA.   Thus,  collaterals  in  patients  without  diseased  CA 
have  an  extremely  limited  capacity  to  transmit  either  flow  or  pressure.   The 
absolute  values  of  RF  were  small  relative  to  the  muscle  mass  perfused  by  each 
CA,  suggesting  that  perfusion  of  only  one  CA  in  man  during  operation  may  not 
provide  substantial  perfusion  for  large  portions  of  myocardium.   Comparison 
of  performance  of  collaterals  supplying  diseased  and  non-diseased  CA  in- 
dicates that  proximal  occlusion  may  be  an  important  factor  stimulating  en- 
hancement of  collateral  function. 

Proposed  Course  of  Project:   Completed 
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Honors  and  Awards:  None 

Publications:  Manuscript  in  preparation 
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Project  Title:   Failure  of  Nitroglycerin  to  Alleviate  Acute  Jfyocardial 
Ischemia  or  Improve  Collateral  Flow  When  MVO  is  Held 
Constant  in  the  Heart-Lung  Preparation 

Previous  Serial  Number:  NHLI-14 

Principal  Investigator:  Robert  E.  Goldstein,  M.D. 

Other  Investigators:   B.  Gregory  Brown,  M.D.,  Ph.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   Section  on  Experimental  Atherosclerosis,  NHLI 

Project  Description:  Nitroglycerin  reduces  S-T  segment  elevation  after 
acute  coronary  occlusion  in  the  intact  dog,  an  effect  not  mediated  by  re- 
duction in  arterial  pressure.  To  determine  whether  increased  coronary 
collateral  flow  contributed  to  this  effect,  canine  heart- lung  preparations 
were  studied  at  5,  10,  and  15  minutes  following  acute  LAD  occlusion.   Total 
coronary  flow,  coronary  A-V  O2  difference,  and  MVO2  were  measured  continuously. 
Heart  rate,  arterial  pressure,  and  MVO2  were  held  constant,  thereby  ex- 
cluding peripherally  mediated  nitroglycerin  action.   Retrograde  flow  was 
collected  from  the  distal  segment  of  the  ligated  LAD.   Epicardial  S-T 
segment  elevation  was  measured  with  an  8-lead  electrode  positioned  on  the 
ischemic  zone.   Seven  dogs  served  as  controls  and  4  dogs  received  nitro- 
glycerin at  11  minutes  (100  ug  bolus,  then  75  yg/min) .  We  found  that  1)  the 
magnitude  of  retrograde  flow  was  a  strong  determinant  of  S-T  segment  change, 
suggesting  that  coronary  collaterals  protect  against  ischemic  injury  and 
2)  although  nitroglycerin  increased  total  coronary  flow  from  105  to 
143  ml/min  (p  <.02),  it  had  no  significant  effect  on  retrograde  flow  or  S-T 
segment  elevation.   Since  nitroglycerin  does  not  alter  collateral  function 
or  ischemic  ECG  changes  when  MVO2  is  constant,  our  data  suggest  that  nitro- 
glycerin probably  alleviates  acute  ischemia  in  the  intact  dog  by  altering 
the  peripheral  hemodynamic  determinants  of  MVO«  or  retrograde  flow. 

Proposed  Course  of  Project:   Continuing 

Honors  and  Awards :  None 

Publications:   None 
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Project  Title:   Quantification  of  Ventricular  Regularization  in  Atrial 
FibrHation. 

Previous  Serial  Number:   NHLI-15(c) 

Principal  Investigator:   Robert  E.  Goldstein,  M.D. 

Other  Investigators:   James  Ware,  Ph.D. 

Martin  Miller,  B.A. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Units:   Biometrics  Branch,  NHLI 

Laboratory  of  Applied  Studies,  DCRT 

Project  Description:   The  ventricular  response  in  patients  with  atrial  fibril- 
lation is  characteristically  irregular.   Detailed  scrutiny  of  R-R  Interval 
lengths  however,  has  shown  a  tendency  in  certain  individuals  for  the  length 
of  adjacent  R-R  intervals  to  be  equal.   Detection  of  this  subtle  evidence  of 
non-random  ventricular  response  may  be  particularly  useful  in  evaluating 
alterations  in  the  cardiac  conduction  system  after  digitalis  or  other  pharma- 
cologic agents  and  possibly  in  predicting  the  development  of  digitalis  excess. 
For  this  reason  we  developed  a  statistical  method  to  quantify  the  extent  to 
which  equal  adjacent  R-R  Interval  lengths  exceed  random  expectation.   This 
method  was  applied  to  electrocardiograph  records  (2000  consecutive  R-R 
intervals)  obtained  from  patients  in  stable  atrial  fibrillation  when  digoxin 
therapy  is  withheld  and  after  digoxin  was  relnstituted.   Studies  of  the  degree 
of  regularization  of  the  ventricular  response  were  also  conducted  after 
atropine  and  during  exercise.   The  purpose  of  our  study  was  1)  to  observe  the 
frequency  and  extent  of  ventricular  regularization  during  atrial  fibrillation 
in  the  absence  of  digitalis  toxicity,  2)  to  observe  whether  ventricular 
regularization  might  provide  an  index  of  digitalis  activity  (in  addition  to 
and  possibly  independent  of  the  influence  of  digitalis  on  mean  ventricular 
rate) ,  and  3)  to  evaluate  the  ability  of  influences  other  than  digitalis  to 
modify  ventricular  regularization.   Such  information  may  be  helpful  in  ana- 
lyzing the  degree  of  ventricular  regularization  in  individuals  suspected  of 
manifesting  digitalis  toxicity  and  might  help  guide  the  course  of  digitalis 
therapy  in  individuals  where  response  of  the  mean  ventricular  rate  is  not  a 
wholly  adequate  measure  of  digitalis  action. 

Use  of  simulated  data  has  confirmed  the  sensitivity  and  specificity  of  our 
index  of  regularization.   When  actual  patient  data  are  analyzed  by  these 
methods,  our  techniques  suggest  that  certain  patients  display  a  consistent 
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tendency  toward  regularization  in  the  absence  of  overt  evidence  of  digitalis 
toxicity.   Regularization  was  usually  observed  only  in  those  receiving 
dlgoxin.  When  dlgoxin  was  discontinued,  our  index  of  regularization 
diminished,  suggesting  a  decrease  or  disappearance  of  regularized  R-R 
intervals.  Conversely,  acute  administration  of  dlgoxin  was  associated  with  c 
rise  in  our  index  of  regularization.  Hence,  our  preliminary  clinical 
findings  suggest  that  untreated  atrial  fibrillation  is  generally  associated 
with  totally  random  R-R  intervals  and  that  digitalis  treatment  (in  the 
absence  of  overt  toxicity)  may  introduce  a  small  but  measurable  degree  of 
R-R  interval  regularization. 

Proposed  Course  of  Project:  Continuing 

Honors  and  Awards:  None 

Publications :  None 
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Project  Title:   The  Use  of  Peripheral  Coronary  Pressure  and  Retrograde  Flow 
in  Assessment  of  Coronary  Collateral  Function 

Previous  Serial  Number:   None 

Principal  Investigator:   Robert  E.  Goldstein,  M.D. 

Other  Investigators:   None 

Cooperating  Units:   None 

Project  Description:   Coronary  collateral  vessels  may  provide  an  important 
source  of  blood  supply  to  ischemic  regions  of  myocardium.   Measurement  of 
coronary  collateral  function  may  be  particularly  helpful  in  searching  for 
interventions  that  might  alleviate  myocardial  ischemia  by  enhancing  collateral 
blood  flow.   Pressure  in  the  distal  portion  of  an  occluded  coronary  artery 
(peripheral  coronary  pressure  or  PCP)  and  retrograde  flow  Issuing  when  this 
distal  coronary  artery  segment  is  vented  to  atmospheric  pressure  are  often 
taken  as  indices  of  coronary  collateral  function.   To  clarify  the  use  of  these 
and  to  broaden  understanding  of  the  Interplay  of  physiologic  influences  and 
coronary  collateral  function,  a  mathematical  analysis  was  made  of  the  various 
pressures,  flows  and  resistances  present  in  the  coronary  circulation  of  an 
ischemic  heart.   The  analysis  pointed  out  that  very  different  factors  may 
affect  retrograde  flow  and  PCP.   Retrograde  flow  is  an  estimate  of  the  maximal 
capacity  of  collateral  channels  to  deliver  blood  flow  into  the  ischemic 
segment  of  a  coronary  artery.   There  are  three  potentially  important  sources 
of  resistance  to  this  flow:   1)  occlusive  lesions  within  arteries  that  feed 
collateral  channels,  2)  resistance  within  long  narrow  collateral  channels  and 
3)  resistance  Imposed  by  the  tendency  of  the  capillary  bed  supplied  by  the 
feeder  artery  to  compete  for  blood  flow  with  collateral  channels.   This  third 
phenomenon  is  sometimes  referred  to  as  "coronary  steal".   The  analysis  high- 
lighted the  Importance  of  stenosis  in  a  feeder  artery  both  as  an  added  source 

of  resistance  and  as  an  Indispensible  factor  in  creating  a  coronary  steal 
situation.   Excessive  resistance  in  ischemic  capillary  beds  (for  example,  as 
would  result  from  pericapillary  edema)  can  also  exaggerate  the  effects  of 
coronary  steal. 

In  contrast  to  retrograde  flow,  PCP  reflects  the  balance  of  flow  delivery 
via  collateral  channels  and  flow  run-off  through  capillary  beds  supplied  by 
the  distal  segment  of  the  occluded  coronary  artery.   Thus,  a  rise  in  PCP  does 
not  always  reflect  a  salutary  Increase  in  flow  to  the  ischemic  distal  coronary 
segment.   The  same  Increase  can  also  be  produced  by  a  rise  in  resistance 
within  ischemic  capillary  beds,  an  alteration  that  might  reduce  blood  flow 
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and  thus  have  a  deleterious  effect.   Both  retrograde  flow  and  PCP  may  be 
substantially  altered  by  changes  in  coronary  perfusion  pressure.   Therefore, 
a  direct  influence  of  an  intervention  on  coronary  collateral  channels  must 
not  be  invoked  unless  passive  responses  to  changes  in  coronary  perfusion 
pressure  are  excluded. 

The  analysis  demonstrates  that  neither  flow  nor  PCP  are  themselves 
complete  descriptions  of  coronary  collateral  function.  A  combination  of 
these  measurements,  however,  plus  an  understanding  of  the  interplay  of 
pertinent  physiologic  and  pharmacologic  factors  may  be  helpful  in  arriving 
at  an  estimate  of  coronary  collateral  function. 

Proposed  Course  of  Project:  Completed 

Honors  and  Awards:  None 

Publications :   None 


tftr 


Serial  No.  NHLI-163 

1.  Cardiology 

2.  Clinical  Physiology 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:  Pre-  and  Postoperative  Exercise  Performance  in  Patients  with 
Obstructive  Asytnnetric  Septal  Hypertrophy 

Previous  Serial  Number:  None 

Principal  Investigator:  Robert  E.  Goldstein,  M.D. 

Other  Investigators:  David  R.  Redwood,  M.D. 
Joel  Morganroth,  M.D. 
Samuel  B.  Itscoitz,  M.D. 
John  W.  Hirshfeld,  M.D. 
Andrew  G.  Morrow,  M.D. 
Stephen  E.  Epstein 

Cooperating  Units:  Clinic  of  Surgery,  NHLI 

Project  Description:   Operative  relief  of  left  ventricular  outflow  tract 
obstruction  due  to  asymmetric  septal  hypertrophy  (ASH)  frequently  produces 
subjective  improvement  in  symptoms.   However,  little  objective  data  have  been 
obtained  concerning  the  effects  of  this  operation  on  exercise  performance. 
Although  the  ability  of  left  ventricular  myotomy  and  myectomy  to  eliminate  the 
left  ventricular  outflow  tract  gradient  is  well  established,  the  extent  of 
compromise  in  exercise  performance  due  to  persisting  myopathy  remains  uncertain. 
We  have  therefore  assessed  the  ability  of  patients  to  perform  treadmill 
exercise  by  measuring  exercise  endurance  and  maximal  oxygen  consumption  before 
and  after  left  ventricular  myotomy  and  myectomy.   To  gain  insight  into  the 
effects  of  operation  on  the  hemodynamic  response  to  exercise,  patients  have 
performed  upright  exercise  with  simultaneous  measurement  of  cardiac  output  and 
pulmonary  arterial  and  systemic  arterial  pressures  and  oxygen  contents.   To 
date,  complete  preoperative  and  postoperative  exercise  evaluation  has  been 
performed  in  five  individuals.   Preliminary  data  indicate  that  substantial 
improvement  in  exercise  capacity  is  observed  after  operation  in  some  but  not 
all  individuals.   Insufficient  data  are  available  at  present  to  relate  the 
degree  of  benefit  to  clinical  or  laboratory  findings. 

Proposed  Course  of  Project:   Continuing 

Honors  and  Awards:   None 

Publications:  None 
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Project  Title:  Contractile  Proteins  from  Adult  Embryonic  and  Malignant  Cells 

Previous  Serial  Number:  None 

Principal  Investigator  :  Robert  S.  Adelstein,  M.D. 
Mary  Anne  Conti,  B.S. 

Other  Investigators:  William  Anderson, Jr. ,  6. A. 
Donald  Henson,  M.D. 
Marshall  Elzinga,  PhD 
Howard  Holtzer,  PhD 

Cooperating  Units:   Biomedical  Research  Institute-Boston 

Uniyersitv  of  Pennsylvania  Medical  School. 
National  Cancer  Institute 

Project  Description:   In  collaboration  with  Dr.  Howard  Holtzer  of  the 
Univeesity  of  Pennsylvania  and  Dr.  Donald  Henson  of  NCI  myosin  is  being  Isolated 
from  several  different  types  of  embryonic  and  malignant  cells.  The  purpose  of 
these  experiments  is  to  determine  whether  embryonic  and  malignant  cells 
resemble  each  other  in  containing  a  particular  kind  of  myosin  which  is 
responsible  for  cell  division.   It  has  already  been  determined  that  myosin  from 
rhabdomyosarcoma  cells  is  similar  in  structure  to  myosin  found  in  embryonic 
cells  and  platelets  and  not  like  myosin  from  adult  muscle  cells. 

Similarly  cytoplasmic  actln  from  human  platelets  (a  non-muscle  cell)  is  being 
compared  to  cardiac  actin  obtained  from  human  hearts  at  autopsy.  This  is  the 
first  detailed  comparison  of  1°  structure  between  a  cytoplasmic  and  muscle 
actin  and  would  help  settle  the  question  of  whether  actin  structure  is  as 
rigorously  conserved  as  postulated.  Previous  studies  in  this  area  have  resulted 
in  the  sequence  of  rabbit  skeletal  muscle  actin. 

Proposed  Course  of  Project:  Myosin  and  actin  from  a  number  of  malignant  cells 
will  be  compared  with  regard  to  structure,  function  and  antigenic  determinants 
with  myosin  and  actin  from  embryonic  cells,  adults  non-muscle  cells  and  muscle. 

The  function  of  cytoplasmic  actin  and  myosin  in  malignant  and  non-malignant  cell 
is  being  investigated.  Evidence  that  these  proteins  play  a  role  in  cell 
division  and  cell  motility  will  be  sought  by  studying  cells  in  vitro  in  both 
growing  and  resting  phases. 

Honors  and  Awards:  None 
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Publications:  Articles  published  in  Periodical: 

Elzinga,  M. ,  Collins,  J.,  Kuehl,  W.M.  and  Acblstein,  R.S,:  The  Complete 
Amino  Acid  Sequence  of  Rabbit  Skeletal  Muscle  Actin.  Proc.  Nat.  Acad.  Sci. 
USA,  2687-2691,  197A. 

Gaskin,  F. ,  Kramer,  S.B.,  Cantor,  C.R. ,  Adelstein,  R.S.  and  Shelanski,  M.L. 
A  Dynein-like  Protein  Associated  with  Neurotubules.   FEBS  Letters  40,  281-286, 
1974. 
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Project  Title:  Phosphorylation  of  Human  Platelet  Myosin  and  Contractile 
Proteins  from  Other  Sources 

Previous  Serial  Number:  NHLI-18 

Principal  Investigator:  Robert  S.  Adelsteln,  M,D, 
James  Daniel,  PhD 

Other  Investigators:  Mary  Anne  Conti,  B.S. 
William  Anderson,  B.A. 

Cooperating  Units:  None 

Project  Description:  Human  blood  platelets  contain  a  kinase  which  utilizes 
the  terminal  phosphate  of  ATP  to  phosphorylate  the  20,000  molecular  weight 
light  chain  of  platelet  myosin.  This  kinase  which  can  be  separated  from  platelet 
myosin  by  chromatography  on  DEAE  Sephadex  (A-25)  is  dependent  on  the  presence 
of  Mg   and  independent  of  Ca   for  the  phosphorylation  of  platelet  light  chain. 

Platelet  light  chain  kinase  can  selectively  phosphorylate  the  20,000  dalton 
light  chain  of  mouse  uterine  and  lobster  myosin.  The  kinase  does  not 
phosphorylate  rabbit  skeletal  or  canine  cardiac  myosin.  This  finding  is 
consistent  with  the  markedly  similar  amino  acid  analysis  of  the  20,000  dalton 
light  chain  of  platelet  myosin  and  that  found  for  the  same  molecular  weight 
light  chains  of  smooth  muscle. 

Accessibility  of  the  phosphorylated  site  on  the  light  chain  was  studied  by  brief 
tryptic  digestion  of  radioactively  labeled  platelet  actomyosin.  Both  in  the 
presence  and  absence  of  Mg-ATP,  75%  of  the  covalehtly  bound   P  was  released  as 
tryptic  peptides  in  10  mins.  The  ATPase  activity  of  the  dephosphorylated  myosin 
fragment  was  preserved.  The  rapid  release  of  the  phosphopeptide  of  platelet 
myosin  light  chain  indicates  that  the  phosphorylated  site  is  located  on  a 
relatively  exposed  portion  of  the  intact  myosin  molecule.   If  fresh  platelet 
rich  plasma  is  incubated  with  inorganic  ^^P,  radioactive  myosin  light  chains  can 
be  isolated  from  these  platelets.  This  implies  that  intact  platelets,  having 
generated  )5 -labeled  AT-'^P  from  inorganic  phosphate,  use  it  for  the  phosphoryl- 
ation of  platelet  myosin  under  physiological  conditions. 

Present  studies  suggest  that  phosphorylation  may  play  a  role  in  governing  the 
Interaction  of  platelet  myosin  with  actin. 

Proposed  Course  of  Project:   The  role  of  phosphorylation  and  its  effect  on  the 
contractile  proteins  of  blood  platelets  as  well  as  the  contractile  proteins 
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of  other  cells  will  be  studied.   The  phosphor y la ted  site(s)  will  be  identified 
and  sequenced.   The  kinase  will  be  investigated  as  to  a) further  substrates, 
particularly  other  myosins  b)  the  existence  of  a  regulatory  site  conferring 
control  by  cyclic-AMP.   Finally,  an  effort  will  be  made  to  isolate  and  purify 
a  phosphatase  which  would  rapidly  reverse  the  biological  effect  of 
phosphorylation. 

Honors  and  Awards:   None 

Publications:  Articles  published  in  periodicals: 

Adelsteln,  R.S.,  Conti,  M.A.,  and  Anderson,  W.Jr.:  Phosphorylation 
of  Platelet  Myosin.   Series  Haematologica  VI,  403-409,  1973. 

Adelstein,  R.S.,  Conti,  M.A.,  and  Anderson, W. Jr. :   Phosphorylation 
of  Human  Platelet  Myosin.   Proc.  Nat.  Acad.  Sci.  USA  70,  3115-3119,  1973. 

Adelstein,  R.S.:Actln  and  Myosin  in  Non-Muscle  Cells.  New 
Scientist  61,  346-348,  1974. 

Adelstein,  R.S.,  Conti,  M.A.,  and  Anderson,  W.Jr.:  Myosin  and 
Myosin-like  Molecules  in  Cells  Other  Than  Muscle.   Excerpta  Medica,  1974 
(In  press) . 
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Project  Title:   Characterization  of  Cardiac  Contractile  Proteins  from  Patients 
with  Asymmetric  Septal  Hypertrophy  and  Normal  Hearts 

Previous  Serial  Number:  NHLI-2(c) 

Principal  Investigator:  Robert  S.  Adelsteln,  M.D. 

Other  Investigators:  Chester  E.  Clark,  M.D. 
Barry  J.  Maron,  M.D. 
Stephen  E.  Epstein,  M.D. 
Mary  Anne  Conti,  B.S. 
William  Anderson, Jr. ,  B.A. 

Cooperating  Units:  None 

Project  Description:  Myosin  has  been  isolated  from  canine  hearts,  feline 
hearts,  htiman  hearts  obtained  at  autopsy,  and  pieces  of  myocardium  obtained 
at  operation  on  patients  with  asymmetric  septal  hypertrophy.   The  myosin 
has  been  purified  and  assayed  for  enzymlc  activity  and  analyzed  as  to  light 
chain  composition  on  SDS  polyacrylamlde  gels.  Human  heart  myosin  (both  that 
obtained  from  normal  hearts  at  autopsy  and  those  from  ASH  patients)  differs 
from  canine  (and  chicken  myosin)  in  the  molecular  weight  of  myosin  light 
chains.  This  species  difference  had  not  been  noted  before.  At  present  no 
structural  difference  has  been  noted  between  normal  and  ASH  myosin.  The  reason 
for  this  may  be  that  the  overwhelming  majority  of  cardiac  cells  in  patients 
with  ASH  are  normal  and  a  method  must  be  sought  to  Isolate  the  abnormal  cells 
seen  on  microscopy. 

Proposed  Course  of  Project:  An  effort  will  be  made  to  culture  the  abnormal  ASH 
cells  in  vitro  and  Isolate  their  contractile  proteins.  Particular  attention 
will  be  paid  to  the  presence  of  a  possible  fetal  myosin,  which  should  differ 
from  adult  cardiac  myosin  in  the  molecular  weight  and  amino  acid  content  of  its 
light  chains.  Other  contractile  proteins  (e.g.actin)  will  be  Investigated  for 
abnormalities.  The  species  difference  found  between  human  and  canine  myosin 
will  be  investigated  to  see  what  role  differing  light  chains  play  in  myosin 
function. 

Honors  and  Awards:  None 

Publications :  None 
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ANNUAL  REPORT  OF  THE 
CLINIC  OF  SURGERY 
NATIONAL  HEART  AND  LUNG  INSTITUTE 
July  1,  1973  through  June  30,  1974 

The  clinical  and  laboratory  programs  of  the  Surgery  Branch  have,  as 
in  past  years,  largely  centered  upon  the  study  of  operative  methods  for 
the  correction  of  congenital  and  acquired  heart  and  lung  diseases,  assess- 
nieiit  of  the  results  of  such  operations,  and  laboratory  studies  related  to 
cardiovascular  physiology  and  pharmacology. 

Operative  Treatment  in  Patients  with  Obstructive  Cardiomyopathies. 
A  major  Interest  of  the  Surgery  Branch  since  1960  has  been  the  development 
of  operative  methods  for  the  relief  of  outflow  obstruction  in  patients 
with  hypertrophic  subaortic  stenosis  (IHSS) .  Eighty-five  patients  with 
this  disease  have  now  been  operated  upon  and  a  detailed  examination  of  the 
results  of  operation  was  undertaken.  Seventy-three  patients  had  large 
Intraventricular  pressure  gradients  under  basal  conditions,  while  in  12 
patients  no  gradient  or  only  a  trivial  one  existed  without  provocative 
interventions.  At  operation  two  incisions  are  made  through  the  hypertrophled 
septum  and  the  bar  of  muscle  between  the  two  myotomies  Is  resected. 

Six  patients  (77.)  died  at  or  after  operation;  no  operative  death  has 
occurred  since  patient  #49,  operated  upon  In  1970.  Distinct  symptomatic 
improvement  has  been  described  by  all  surviving  patients,  and  all  but  one 
patient  is  now  in  Functional  Class  I  or  II.  Cardiac  catheterization  has 
been  carried  out  in  61  patients  on  one  or  more  occasions  postoperatively. 
In  the  patients  who  had  severe  obstruction  preoperatively  the  gradients 
ranged  from  40  to  200  mm.  Hg.  Postoperatively  no  gradient  was  evident  at 
rest  in  42  of  48  patients,  and  in  the  other  6  the  gradient  was  less  than 
25  nm.  Hg.  Twelve  patients  were  studied  before  operation,  6-12  months  after 
operation,  and  again  5  or  more  years  after  operation.  In  no  patient  has 
there  been  evidence  of  recurrence  of  outflow  obstruction,  and  in  several 
patients  who  had  small  residual  gradients  at  early  study  these  have  been' 
shown  to  disappear  with  the  passage  of  time.  The  results  of  operation  in 
the  patients  who  had  no  significant  obstruction  at  rest  preoperatively  were 
comparable  to  those  in  the  larger  group  with  obstruction.  Their  symptomatic 
improvement  is  similar  except  that  the  Incidence  of  residual  chest  pain  is 
somewhat  higher  in  them. 

The  continuing  experience  here  indicates  that  operative  treatment 
should  be  recommended  when  a  patient  with  IHSS  remains  symptomatic  after 
nonoperatlve  treatment,  and  when  severe  obstruction  to  left  ventricular  out- 
flow is  documented  at  rest  or  after  provocative  interventions.  The  risk 
of  operation  is  low,  and  gratifying,  long-lasting  symptomatic  and  hemo- 
dynamic improvement  can  be  anticipated  in  almost  all  patients. 
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Clinical  and  Hemodynamic  Comparisons  of  Kay-Shiley  and  Starr-Edwards 
Disc  Valves  and  Reis-Hancock  Porcine  Valves.  The  left  ventricle  is  small 
or  of  normal  size  in  patients  with  pure  mitral  stenosis  and  in  patients  in 
whom  aortic  stenosis  accompanies  mitral  valve  disease.  When  mitral  valve 
replacement  becomes  necessary  in  such  a  patient  a  prosthesis  with  a  low 
profile  (disc  valve)  or  a  porcine  xenograft  must  be  used.  The  clinical  and 
hemodynamic  findings  in  88  patients  in  whom  such  valves  were  implanted  were 
examined  retrospectively.  Isolated  mitral  replacement  was  carried  out  in 
74  patients,  and  mitral  replacement  plus  tricuspid  replacement  with  a 
prosthesis  of  the  same  type  was  performed  in  14  patients.  Preoperatively 
the  clinical  and  hemodynamic  findings  and  the  number  of  patients  in  each 
group  were  similar.  The  early  ( < 30  days)  and  six  months  mortality  rates 
were:   Kay-Shiley  35%  and  427,,;  Starr-Edwards  14%  and  247.;  porcine  xenografts 
67o  and  127,.  The  low  output  syndrome  caused  death  in  127.  of  patients  with 
Kay-Shiley  valves,  77,  of  those  with  Starr-Edwards  valves  and  3%  of  those 
with  porcine  valves.  Over  the  first  six  months  317.,  of  patients  with  Kay- 
Shiley  valves  had  systemic  emboli,  as  did  287.  of  those  with  Starr-Edwards 
valves.  All  of  these  patients  had  been  maintained  on  anticoagulants.   In 
contrast,  no  embolus  occurred  in  any  patients  with  a  porcine  xenograft  and 
none  of  these  patients  received  anticoagulants. 

The  hemodynamic  performance  of  all  three  types  of  valves  was  similar 
as  measured  at  postoperative  catheterization  --  the  calculated  orifice  areas 
and  diastolic  gradients  did  not  differ  appreciably  in  the  three  groups.  Thus 
the  significantly  lower  early  mortality  and  the  freedom  from  thromboembolic 
complications  makes  the  xenograft  the  valve  of  choice  in  a  patient  with  a 
normal  or  small  left  ventricular  cavity.  The  ultimate  durability  of  the 
xenografts  can  only  be  determined  by  continuing  clinical  followup.  No 
valve  failures  have  been  observed  over  the  four  year  period  in  which  xeno- 
grafts have  been  employed. 

Experimental  Comparison  of  Measurements  of  Stroke  Volume  made  by 
Echocardiography  and  by  Direct  Flowmeter  Determination.  Echocardiography 
provides  an  attractive  noninvasive  method  for  determining  stroke  volume 
and  cardiac  output  in  man,  but  the  accuracy  of  the  method  has  not  been 
assessed  with  precision.   Such  an  assessment  was  carried  out  in  dogs  in 
whom  simultaneous  echocardiographic  and  electromagnetic  flowmeter  determina- 
tions of  stroke  volume  were  made.  Measurements  were  made  under  varying 
conditions  and  over  a  wide  range  of  stroke  volumes  altered  by  several 
physiologic  interventions.  The  overall  correlation  between  stroke  volume 
measured  directly  and  by  echocardiography  (82  observations  in  5  dogs)  was 
good  (r=.80) .  Negative  inotropic  stimulation  with  propranolol  infusion  and 
increased  afterload  accomplished  by  constriction  of  the  descending  aorta 
increased  the  diastolic  diameter  of  the  left  ventricle  and  improved  the 
correlations  between  the  two  methods  of  measurement  (r=.87  and  .88, 
respectively) .   Interventions  resulting  in  positive  inotropism  such  as  increased 
heart  rate  produced  by  pacing  and  isoproterenol  infusion  reduced  the  internal 
diameter  of  the  left  venticle  during  diastole  and  made  the  difference  between 
the  echocardiographic  and  direct  measurements  greater  (r=.64  and  .62,  respective- 
ly) .  The  study  indicates  that  the  absolute  magnitude  of  the  stroke  volume 
estimated  echocardiographically  may  differ  from  the  true  one  by  a  small 
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factor,  but  that  changes  in  stroke  volume  can  probably  be  estimated  quite 
closely  by  this  technique.  The  geometry  of  the  human  chest  will  probably 
allow  more  precise  measurements  than  are  possible  in  the  dog  and  similar 
comparative  studies  will  be  undertaken  in  the  course  of  cardiac  catheterization. 

Apical-Aortic  Anastomosis.  A  Re-evaluation  of  an  Old  Operation  for 
Left  Ventricular  Outflow  Obstruction.  Nearly  20  years  ago  Charles  Hufnagel 
at  Georgetown  and  Stanley  Samoff  in  this  Institute  attempted  to  construct 
a  prosthesis  which  would  allow  blood  to  be  ejected  through  the  apex  of 
the  left  ventricle  into  the  thoracic  aorta  and  proposed  that  such  an  operation 
would  be  effective  in  the  relief  of  severe  aortic  stenosis.  Shortly  after 
their  experimental  work  was  completed  valvular  prostheses  suitable  for  use 
In  the  subcoronary  position  became  available,  and  methods  for  total  cardio- 
pulmonary bypass  were  developed  to  the  point  where  the  surgeon  was  provided 
with  a  long  period  of  time  in  which  to  implant  such  valves.  In  the  course 
of  continuing  experiences  with  congenital  aortic  stenosis  it  has  become 
apparent,  however,  that  in  an  occasional  child  present  operations  are 
ineffective  in  relieving  outflow  obstruction.  Such  children  have  diffuse 
hypoplasia  of  the  aortic  root  and  valve  ring  and  there  is  usually  narrowing 
jofthe  subvalvular  area  sometimes  caused  by  accessory  mitral  valve  tissue. 
The  results  of  operation  in  this  unusual  form  of  aortic  stenosis,  termed 
"tunnel  aortic  stenosis",  have  been  universally  poor  and  often  pressure 
gradients  In  excess  of  150  mm.  Hg  have  been  observed  postoperatively. 

For  possible  use  in  patients  with  tunnel  aortic  stenosis  apical- 
aortic  anastomosis  was  re-examined  in  the  laboratory  and  prostheses  were 
constructed  with  modem  prosthetic  materials.  All  prostheses  had  a  serai- 
rigid  fabric- covered  polyurethane  stent  at  their  proximal  end.  This 
projected  into  the  left  ventricular  cavity  approximately  5  mm.  Several 
prosthetic  valves  were  employed:   Starr-Edwards  ball  valves  #  1200  and  2300, 
Bjork-Shlley  tilting  disc  valves,  and  porcine  xenografts.  The  valves  were 
mounted  into  woven  Dacron  grafts  which  were  then  attached  to  the  ventricular 
stent.  The  prosthesis  was  connected  to  the  apex  of  the  left  ventricle 
during  cardiopulmonary  bypass  or  inflow  occlusion  and  the  graft  was  then 
sutured  to  the  side  of  the  thoracic  aorta  at  the  level  of  the  7th  Interspace. 
The  ascending  aorta  or  the  aortic  valve  was  then  obstructed. 

The  operation  was  carried  out  in  51  dogs  ranging  in  weight  from  6 
to  30  Kg.  All  but  one  animal  survived  operation,  but  a  number  died  at  varying 
intervals  of  infection  or  rupture  of  the  ascending  aorta  at  the  site  of 
occlusion.  Fourteen  animals  had  been  studied  two  months  after  operation. 
The  usual  gradient  between  the  left  ventricle  and  aorta  was  7-10  mm.  Hg,  but 
In  two  dogs  larger  gradients  were  measured.  At  autopsy  these  animals  were 
found  to  have  obstruction  of  the  ventricular  end  of  the  prosthesis  by  left 
ventricular  muscle.  One  animal  Is  living  18  months  after  operation. 

These  experimental  data  indicate  that  in  the  rare  patient  in  whom 
aortic  stenosis  cannot  be  relieved  by  a  direct  operation  that  apical-aortic 
anastomosis  should  be  considered.  A  prosthesis  which  incorporates  a  porcine 
xenograft  would  appear  to  be  the  most  desirable  one,  and  Hancock  Laboratories 
have  agreed  to  fabricate  such  prostheses  for  clinical  use. 
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The  Acute  Effects  of  Methyl  Prednisolone  in  Experimental  CardioKenic 
Shock.  The  administration  of  steroids  in  shock  has  been  advocated  for  many 
years  and  an  increase  in  urine  output  after  administration  of  such  drugs 
has  been  interpreted  as  evidence  of  improved  renal  perfusion.  The  reports 
of  the  acute  hemodynamic  effects  on  steroids  in  shocked  animals  have  been 
conflicting  and  detailed  studies  of  the  effects  of  steroids  on  renal  function 
in  shock  have  not  been  made  previously.  Eight  dogs  were  prepared  in  such 
a  manner  that  measurements  of  the  cardiac  output,  arterial  pressure,  renal 
blood  flow,  femoral  blood  flow,  creatinine  clearance,  urine  output,  and 
sodium  excretion  could  be  made  continuously.  Cardiogenic  shock  was  then 
induced  in  these  dogs  by  progressive  injections  of  microspheres  into  the 
coronary  arteries.   Injections  were  given  until  the  cardiac  output  had  fallen 
to  one-half  the  control  level.  After  embolization,  and  when  the  variables 
listed  had  been  stable  for  a  one  hour  control  period,  methyl  prednisolone 
was  administered  intravenously  (30  mg./Kg.)  and  measurements  were  continued 
for  at  least  an  additional  hour. 

The  values  of  cardiac  output,  arterial  pressure,  renal  blood  flow, 
femoral  flow,  and  creatinine  clearance  observed  at  ten  minute  intervals 
did  not  change  significantly  from  those  observed  during  the  control  shock 
period.  A  significant  diuresis  and  natruresis  occurred  after  30-45  minutes, 
and  levels  of  urine  output  and  sodium  excretion  were  more  than  2007o  of  those 
seen  in  the  control  period,  despite  the  fact  that  renal  blood  flow  and  glomerular 
filtration  were  unchanged.  Shocked  control  animals  not  treated  with  methyl 
presnisolone  failed  to  show  such  increases  in  urine  flow  and  sodium  output. 

The  data  indicate  that  the  increases  in  urine  flow  following  the 
administration  of  methyl  prednisolone  in  shock  is  not  necessarily  indicative 
of  a  change  in  perfusion  but  probably  represents  only  a  direct  effect  of 
the  drug  on  renal  tubules.  Methyl  prednisolone  had  no  significant  hemo- 
dynamic effect  in  shocked  dogs  in  this  study. 
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Project  Title:   Silastic  ball  variance  detection 

Previous  Serial  Number:   IIH!LI-52(c) 

Principal  Investigator:   Charles  L.  Mcintosh,  M.  D. 

Other  Investigators:   William  Schuette,  B.S.,  E.E. 
Andrew  G.  Morrow,  M.  D. 

Cooperating  Unit:   Biomedical  Engineering  &  Instrumentation  Branch,  NIH 

Project  Description:   The  technique  for  determining  percent  stroke  length 
of  the  poppet  of  a  prosthetic  valve  (Starr-Edwards)  was  developed  in 
1970  at  the  NIH.   Other  techniques  for  diagnosing  ball  variance  have  a  low 
yield  (approximately  2^%)   for  detecting  this  possible  fatal  complication. 
The  limiting  factor  in  utilizing  our  technique  is  the  ability  to  visualize 
the  bariiom  impregnated  ball  on  cine. 

Results:   Thirteen  patients  have  been  studied  and  operated  upon  at  the  NIH 
for  aortic  ball  variance  since  1970.  Eleven  of  these  patients  had  other 
criteria  of  ball  variance,  but  two  patients  were  thought  "normal"  by 
existing  criteria.  The  first  patient  required  operation  for  a  diseased 
mitral  valve,  and  inspection  revealed  obvious  ball  variance  of  the  aortic 
ball.   The  second  patient  was  operated  on  for  aortic  ball  variance  determined 
by  this  technique  and  the  poppet  was  found  to  be  variant  at  the  time  of 
operation. 

Proposed  Course:   This  technique  and  the  phonocardiographic  analysis  of  all 
patients  with  silicone  rubber  poppets  are  being  routinely  screened  for 
possible  valve  dysfunction  or  ball  variance  in  our  clinic .   The  description 
of  the  technique  was  presented  at  the  American  Heart  meetings  and  the 
clinical  results  will  be  sumbittted  to  the  American  College  of 
Cardiology. 


tfff 


Serial  No.  NHLI-168 


1.   Clinic  of  Surgery 
3.  Bethesda,  Md. 

PHS-NIH 
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Project  Title:   NU-5  atomic  powered  pacemaker  -  experimental  and  clinical 
evaluation 

Previous  Serial  No:   NHLI-U9(c) 

Principal  Investigator:   Charles  L.  Mcintosh,  M.  D. 

Other  Investigators:   Peter  Frommer,  M.  D. 

Joseph  E.  Pierce,  D.V.M. 

Cooperating  Units:   Office  of  the  Director  and  Section  on  Lab  Animal 
Medicine  &  Surgery,  NHLI 

Project  Description:   Efforts  began  several  years  ago  to  develop  a  cardiac 
pacemaker  energy  source  (Plutonium  238)  suitable  for  human  implantation. 
Since  May  1969,  sixty-five  atomic  powered  pacemakers  have  been  implanted  in 
dogs  for  in  vivo  testing;  of  these  30  are  currently  used  NU-5  series.   The 
first  human  implant  was  done  April  9»  1973  and  the  second  implant  in 
June  of  1973.   Two  additional  implants  will  be  performed  within  the  near 
future . 

Results:   One  pacemaker  in  the  30  animals  implanted  with  the  NU-5  series 
pacemakers  has  intermittently  failed  and  was  removed  for  examination  by 
Arco.  A  second  long  term  implant  animal  died  suddenly  but  no  malfunction 
of  the  pacemaker  was  found.   The  remaining  twenty-eight  units  are  function- 
ing well  at  this  time.   The  first  unit  implanted  in  a  human  continues  to 
function  well.   The  second  patient  has  required  two  additional  units 
because  of  persistent  infection  of  the  pacemaker  sites.   The  second  unit 
implanted  in  this  patient  was  also  noted  to  decrease  its  rate  by  0.1  of  a 
beat  per  week,  but  this  was  of  no  consequence  to  the  patient. 

Proposed  Course:   Animal  evaluation  will  continue  for  an  indefinite  time 
period  with  those  now  implanted.   Human  implants  will  be  evaluated  over  the 
next  decade. 
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Project  Title:   Phonocardiographic  detection  of  ball  variance 

Previous  Serial  Number:  None 

Principal  Investigator:   Lee  C.  Amsler,  B.  A. 

Other  Investigators:  Harry  W.  Seipp 

Robert  J.  Romanoff 
Charles  L.  Mcintosh,  M.  D. 

Cooperating  Unit:  Divison  of  Computer  Research  and  Technology,  Computer 
""  '"  Systems  Laboratory,  NIH 

Project  Description:  Phonocardiograms  of  Starr-Edwards  aortic  prostheses, 
series  1000  and  1200  (silastic  poppet),  have  been  analyzed  utilizing  a 
correlation  coefficient  and  corresponding  standard  deviation  for  the 
aortic  click  (S  ) .  The  correlation  coefficient  has  been  evaluated  as 
a  diagnostic  criterion  for  the  detection  of  silastic  ball  variance. 
Additional  proven  parameters  are  also  used  for  the  substantiation  of  the 
correlation  coefficient  analysis. 

Results:   Fifty-six  silastic  aortic  valve  patients  have  been  studied  and 
twelve  of  them  have  come  to  operation  at  the  NIH  since  19^9  for  aortic 
ball  variance.  Eleven  of  these  twelve  had  "variant"  poppets  at  the  time 
of  operation;  and  the  one  "normal"  poppet  was  found  to  be  non-variant  by 
all  evaluated  parameters.   The  eleven  "variant"  poppets  were  evaluated  as 
variant  by  the  correlation  coefficient  analysis,  while  only  six  of  these 
were  diangosed  as  being  variant  by  the  other  available  techniques. 
Sixty  percent  of  the  remaining  patients,  not  yet  operated  upon,  show  strong 
indications  of  some  degree  of  poppet  variance. 

Proposed  Course:   We  are  routinely  recording  phonocardiograms  on  all 
prosthetic  valve  patients  in  our  outpatient  clinic.  This  is  being  done 
in  conjunction  with  the  current  investigation  of  an  experimental  technique 
for  the  evaluation  of  all  styles  of  valves.   The  Cross-correlation  of 
diagnostic  criteria  should  be  of  great  value  in  the  detection  of  all 
prosthetic  valve  dysfunctions. 
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PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:  Cardiac  sympathectomy  by  isolated  perfusion  with  6-OH 
Dopamine . 

Previous  Serial  Number:  None 

Principal  Investigators:  Lawrence  L.  Michaelis,  M.D. 
Michael  J.  Andrews,  M.D. 
Robert  A.  Guyton,  M.D. 

Other  Investigators:      Harry  Keiser,  M.D. 

Walter  Lovenberg,  Ph.D. 

Cooperating  Units:   Section  on  Experimental  Therapeutics,  NHLI 

Project  Description:   Perfusion  of  tissues  with  6-hydroxydopamine  has  been 
followed  by  depletion  in  these  tissues  of  catecholamines  and  temporary 
destruction  of  sympathetic  nerve  endings.  Localized  sympathectomy  of 
the  heart  with  this  drug  would  be  of  use  as  a  laboratory  model  and  may 
have  therapeutic  potential. 

Results:   Isolated  perfusion  of  the  myocardium  with  this  drug  is  presently 
being  carried  out  -  both  with  the  use  of  cardiopulmonary  bypass  and  with 
inflow  occlusion  techniques.  Myocardium  is  being  analyzed  for  catecholamine 
content  at  various  intervals  after  perfusion  with  the  drug  and  completeness 
of  sympathectomy  is  being  assessed  by  standard  pharmacologic  provocations. 

Proposed  Course:   It  is  hoped  that  this  project  will  identify: 

1.  Whether  6-OH  Dopamine  will  specifically  sympathectomize 

the  myocardium. 

2.  The  completeness  of  such  a  denervation. 

3.  The  possibility  of  eventual  reversal  of  this  destruction  of 

nerve  endings . 

4.  The  effects  of  such  a  denervation  on  cardiac  function  and 

coronary  blood  flow. 
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Project  Title:  The  effects  of  naloxone  hydrochloride  on  ventricular 
irritahility 

Previous  Serial  Number:   NHLI-56 

Principal  Investigators:   Lawrence  L.  Michaelis,  M.  D. 
Paul  R.  Hickey,  M.  D. 

Other  Investigators:   William  Dixon,  M.  D. 
Thomas  Clark,  M.  D. 
Andrew  G.  Morrow,  M.  D. 

Cooperating  Units:   Department  of  Anesthesia,  Clinical  Center  Division  of 
Thoracic  and  Cardiovascular  Surgery,  Bethesda 
Naval  Hospital 

Project  Description:   Naloxone  hydrochloride  (Narcan)  is  a  narcotic 
antagonist  which  is  coming  into  common  clinical  use.  Recently,  in  the  same 
2l+  hour  period,  two  episodes  of  ventricular  fihrillation  have  immediately 
followed  the  intravenous  administration  of  small  amounts  of  this  drug. 
The  two  cases  -  a  patient  2k   hours  post-triple  valve  replacement  at  the 
NHLI,  and  a  patient  at  the  Bethesda  Naval  Hospital  who  was  l8  hours  post- 
repair  of  a  dissecting  aortic  hematoma,  stimulated  a  study  of  the  drug's 
effects  on  ventricular  excitability. 

The  patients  received  naloxone  from  different  drug  lots,  nevertheless 
remaining  drug  ampules  from  each  source  were  obtained  and  tested  in  the 
animal  laboratory.   Naloxone  HCl  from  these  two  sources  was  injected  into 
five  dogs  and  the  vulnerability  of  the  dog's  heart  to  ventricular  fibril- 
lation was  assessed  using  the  ventricular  excitability  curve  as  an  index 
of  vulnerability.   Excitability  curves  were  determined  on  a  control  basis, 
after  morphine  sulphate  and  following  naloxone  administration. 

Results:   Rapid  intravenous  injection  of  the  drug  caused  a  brief 
tachycardia  and  transient  rise  in  arterial  pressure,  with  a  run  of  premature 
ventricular  contractions  observed  in  two  of  the  five  animals .   There  was 
no  demonstrable  increase  in  ventricular  excitability  over  control  values . 

Proposed  Course:   The  two  detailed  case  presentations  and  the  results  of 
the  laboratory  studies  have  been  submitted  for  publication  along  with  a 
warning  as  to  this  complication  and  our  recommendations  for  safeguards  in 
administration  of  the  drug. 
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1.  Clinic  of  Siirgery 
3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  19lk 

Project  Title:   Apical-aortic  anastomosis  :Ex|!p^iJiJentte.l  evaluation  of  a 
method  for  relief  of  diffuse  left  ventricular  outflow 
obstruction. 

Previous  Serial  Number:   NHLI-61 

Principal  Investigators:   John  W.  Brown,  M.  D. 

P.  David  I^erowitz,  M.  D. 
Michael  S.  Cann,  M.  D. 

Other  Investigators:   Arthur  J.  Roberts,  M.  D. 
Joseph  E.  Pierce,  DVM. 
John  W.  Boretos 
Charles  L.  Mcintosh,  M.  D. 
Andrew  G.  Morrow,  M.  D. 

Cooperating  Units:  Biomedical  Engineering  and  Instrumentation  Branch, 
Division  of  Research  Services,  and  Section  on  Lab 
Animal  Medicine  &  Surgery,  NHLI 

Project  Description:   There  is  no  satisfactory  corrective  operation  for 
aortic  atresia  or  diffuse  forms  of  left  ventricular  (LV)  outflow 
obstruction.   A  prosthesis  was  constructed  to  bypass  the  LV  outflow  tract 
using  one  of  three  different  valves:   a)  Starr-Edwards  aortic  ball 
valve  #1200  and  #2300  series,  b)  Bjork-Shiley  and  c)  Hancock  Porcine  Xenografts. 
A  valve  was  mounted  into  woven  Dacron  grafts  lii-20  mm.  in  diameter. 
Anastomosis  to  the  apex  of  the  left  ventricle  was  accomplished  with  a 
semi-rigid  cloth  covered  polyurethane  stent  which  projected  5  nim.  into  the 
cavity  of  the  LV.   The  end-to-side  aortic  anastomosis  was  located  at  the 
level  of  the  6th  and  7th  intercostal  arteries.   A  soft  jaw  clamp  placed 
2  cm.  distal  to  the  coronary  ostia  was  used  to  afford  total  aortic 
occlusion  in  some  animals,  and  metal  clips  placed  on  all  thee  aortic 
commissures  produced  valvular  obstruction  in  others.   Dogs  with  Bjork- 
Shiley  or  Starr-Edwards  valves  were  treated  with  persantine  postoperatively. 

Results :   Apical-aortic  anastomosis  was  carried  out  in  51  dogs  ranging  in 
weight  from  6-32  Kg.,  using  cardiopulmonary  bypass,  or,  more  recently,  a 
closed  technique.   All  but  one  dog  survived  the  operation  and  required  no 
postoperative  cardiotonic  support.   The  average  systolic  gradient  between 
the  LV  and  aorta  in  the  last  30  dogs  measured  after  aortic  occlusion,  was 
7  mm.  Hg.   Fourteen  of  the  last  30  dogs  will  have  undergone  cardiac 
catheterization  and  angiography  at  an  average  of  8  weeks  postoperatively. 
The  average  systolic  LV-aortic  gradient  was  17  mm.  Hg  in  8  dogs.   Two  other 
dogs  had  gradients  of  55  and  80  mm.   Hg  which  at  autopsy  we  felt  to  be 
caused  by  muscular  obstruction  of  the  relatively  short  obliquely  oriented 
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Individual  Project  Report 
July  1,  1973  through  June  30,  191^ 

LV  stent.   Right  heart  pressures  were  normal.   The  last  h   dogs  have  not 
yet  been  catheterized.  Survival  up  to  l8  1/2  months  has  occurred. 

Proposed  Coiirse:  An  abstract  based  on  the^  results  has  been  submitted 

for  presentation  and  publication.  Hancock  Laboratories  of 

Anaheim,  California  have  agreed  to  construct  the  complete  prostheses  to 

our  specifications  for  clinical  use.   Further  trial  of  the  prostheses  in 

small  animals  (5-T-^E^  is  planned  to  determine  anatomic  and  hemodynamic 

changes  which  may  occur  as  the  heart  grows .   Two  to  three  dogs  known  to 

have  congenital  LV  outflow  obstruction  and  severe  LV  hypertrophy  will 

undergo  apical-aorta  anastomosis  to  access  the  hemodynamic  benefits 

in  this  natural  model.   Serial  hemodynamic  and  angiographic  determinations 

on  the  long  term  survivors  will  be  carried  out. 
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Project  Title:   Clinical  and  Hemodynamic  Comparison  of  Kay-Shiley,  Starr- 
Edwards  #6520,  and  Reis-Hancock  Porcine  Xenograft  Mitral 
Valves . 

Previous  Serial  Number:   None 

Principal  Investigators:   John  W.  Brown,  M.  D. 

P.  David  l^erowitz,  M.  D. 
Michael  S.  Cann,  M.  D. 
Stephen  B.  Colvin,  M.  D. 

Other  Investigators:   Charles  L.  Mcintosh,  M.  D. 
Andrew  G.  Morrow,  M.  D. 

Project  Description:  Mitral  valve  replacement  (MVR)  in  a  patient  with 
small  or  normal-sized  left  ventricle  necessitates  the  use  of  a  low  profile 
prosthesis  or  a  porcine  xenograft.   This  retrospective  study  summarized 
the  clinical  and  hemodynamic  findings  in  88  patients  in  whom  such  valves 
were  implanted.   Isolated  MVR  was  performed  in  7^+  patients,  and  MVR  plus 
tricuspid  valve  replacement  with  the  same  type  of  prosthesis  in  lU  patients. 
Preoperative  hemodynamic  findings  and  the  number  of  patients  in  each  group 
were  comparable. 

Results:   Early  (^30  day)  and  6  month  mortality  were:   Kay-Shiley  (KS) 
35^  and  i+2^;  Starr-Edwards  #6520  (SE)  li+^  and  2k%\   porcine  xenografts  (P) 
6^  and  12^.   The  incidence  of  fatal  postoperative  arrhythmias  was  8^  with 
KS  valves,  10^  with  SE  valves,  and  6^  with  P  valves.   Fatal  postoperative 
low  output  syndrome  was  observed  in  12^  of  patients  with  KS  valves,  1% 
with  SE  valves  and  Z%   with  P  valves .   Postoperative  thromboembolic 
complications  occurred  in  31^  of  patients  with  KS  valves,  28^  with  SE 
valves,  but  were  not  observed  in  any  patient  with  a  P  valve. 

The  hemodynamic  performance  of  all  three  valve  types  was  similar  as 
measured  at  postoperative  catheterization;  the  calculated  orifice  areas 
and  diastolic  gradients  were  not  significantly  different  in  the  three 
groups.   However,  the  significantly  lower  early  mortality  and  the  absence 
of  thromboembolic  complications  make  the  porcine  xenograft  a  superior 
choice  for  patients  with  normal  or  small-sized  left  ventricles. 

Proposed  Course:   An  abstract  based  on  these  results  has  been  accepted  for 
presentation  at  the  Society  of  Vascular  Surgeocy  in  Chicago,  June  20-22. 
The  full  length  paper  presented  at  this  meeting  will  be  submitted  for 
publication  in  Surgery. 
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Project  Title:   Early  postperfusion  fever:  An  attempt  to  elucidate 
and  etiology. 

Previous  Serial  Number:   None 

Principal  Investigators:   John  W.  Brown,  M.  D. 
Bruce  A.  Reitz,  M.  D. 
Charles  A.  Dinar ello,  M.  D. 

Cooperating  Unit:  National  Institiote  of  Allergy  and  Infectious 
Diseases 

Project  Description:   Little  is  known  about  the  etiology  of  the  acute 
febrile  response  which  occurs  within  the  first  12-U8  hours  following 
cardiopulmonary  bypass  (CPB).   Leukocyte  pyrogen,  a  protein  released  by 
activated  luekocytes,  has  been  shown  to  affect  certain  anterior  hypo- 
thalamic structures  which  then  produce  fever.   A  study  was  undertaken  to 
determine  if  leukocytes  subjected  to  CPB  were  activated  to  produce 
leukocyte  pyrogen.   Blood  removed  from  the  pump  oxygenator  at  the  termination 
of  open  cardiac  surgery  was  processed  to  separate  the  leukocytes.   The 
leukocytes  were  then  prepared  in  a  standard  fashion  and  the  supernatants 
injected  into  rabbits.   Nitroblue  tetrazolium  reduction  was  also  measured 
to  determine  if  metabolic  and/or  phagocytic  stimulation  had  occ\irred  in 
these  cells.   The  limulus  amebocyte  lysate  test,  an  extremely  sensitive 
pyrogen  assay,  was  used  to  detect  the  presence  of  minute  quantities  of 
bacterial  endotoxin.   The  acute  postoperative  febrile  response  observed  in 
13  patients  was  characterized.   The  blood  obtained  at  the  termination  of 
their  procedures  formed  the  material  for  the  study. 

Results:   The  leukocytes  obtained  from  13  different  CPB  procedures  were 
shown  not  to  differ  from  controls  in  the  following  ways:   (l)  Leukocytes 
were  not  increased  in  total  number  or  abnormal  in  porportion  as  measured  by 
standard  differential  co\inting;  (2)  they  failed  to  release  pyrogen 
spontaneously;  (3)  they  released  luekocyte  pyrgoen  when  stimulated  by 
standard  techniques;  (U)  the  leukocytes  reduced  nitroblue  tetrazolium 
within  normal  range;  and  (5)  the  whole  blood  had  negative  limulus 
amebocyte  lystate  response. 

Proposed  Course:   A  manuscript  is  ciirrently  being  prepared  which  details  the 
results  and  conclusion  drawn  from  these  studies. 
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Project  Title:   Clinical  and  hemodyaninic  significance  of  left  ventricular 
apex  dysfunction  following  aortic  valve  replacement 

Previous  Serial  Number:   None 

Principal  Investigators:   John  W.  Brown,  M.  D._ 
Ronald  Seningen,  M.  D. 
Michael  J.  Andrews,  M.  D. 

Other  Investigators:   Charles  L.  Mcintosh,  M.  D. 

Cooperating  Unit:   Diagnositc  Radiology,  Clinical  Center 

Project  Description:  Akinesia  and/or  dyskinesia  of  the  left  ventricular 
apex  has  been  observed  frequently  following  aortic  valve  replacement.  A 
retrospective  study  was  done  to  determine  if  the  presence  of  this 
abnormality  correlated  with:   (l)  enzymatic  or  electrocardiographic 
evidence  of  myocardial  infarction,  (2)  total  ischemic  time  during  aortic 
valve  replacement,  (3)  coronary  perfusion  and  cardiopiilmonary  bypass  time. 
Left  ventricular  function  as  determined  by  cardiac  index  LVEDP,  ejection 
fraction,  stroke  work  index  and  qualitative  analysis  of  segmental  left 
ventricular  contractility  was  done  pre  and  postoperatively. 

Results:   Twenty  patients  comprise  the  material  for  this  study.   At  operation 
all  patients  had  a  LV  drain  inserted  in  the  apex.   In  12  the  predominant 
preoperative  lesion  was  aortic  stenosis,  and  in  8  the  major  lesion  was 
aortic  regurgitation.   The  incidence  of  LV  apex  akinesia  or  dyskinesia 
was  60%.      The  presence of  this  lesion  could  not  be  correlated  with 
enzyme  of  EKG  evidence  of  myocardial  infarction.   Patients  with  the  longest 
periods  of  intraoperative  ischemia  and  longest  total  perfusion  times  did  not 
have  an  increased  incidence  of  this  lesion.   Change  in  left  ventricular 
function  was  not  significantly  different  in  patients  with  this  abnormality. 

Proposed  Course:   The  data  and  conclusion  drawn  from  this  study  will 
comprise  a  report  to  be  submitted  for  publication. 
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Project  Title:   Dynamic  and  nondynamic  aortic  root  circumference 

Previous  Serial  Number:   None 

Principal  Investigators:  John  W.  Brown,  M.  D. 

P.  David  Jtyerowitz,  M.  D. 

Other  Investigators:   Charles  L.  Mcintosh,  M.  D. 
Andrew  G.  Morrow,  M.  D. 

Project  Description:   The  long  confrontation  between  pathologist  and 
surgeon  over  the  presence  of  tertiary  orifice  stenosis  with  caged  ball 
prostheses  prompted  a  study  of  the  dynamic  and  nondynamic  internal 
circumference  of  the  aortic  root.   Eight  dogs  undei^^ent  aortic  root  cine- 
angiograms  after  placement  of  a  radiopaque  marker  at  the  level  of  the 
aortic  root.   The  dogs  were  then  killed  and  the  internal  circumference 
was  measured  fresh  and  one  week  after  fixation  in  10^  formalin. 
Measurements  were  made  at  three  levels  a)  top  of  the  aortic  commissures, 
b)  1  cm.  above  a,  and  c)  2  cm.  above  a.   The  internal  circumference  was 
then  calculated  at  these  three  levels  from  the  angiogram  and  corrected 
for  magnification. 

Results :   Both  the  fresh  and  formalin  fixed  nondynamic  internal 
circumference  averaged  5^%   of  the  dynamic  circumference  in  systole.   This 
study  showed  that  the  nondynamic  internal  circumference  as  seen  by  the 
pathologist  in  the  fresh  or  fixed  state  bears  little  relation  to  the  aortic 
dimension  seen  at  the  time  of  operation.   The  degree  of  prosthetic  aortic 
stenosis  can  only  be  quantified  by  measuring  left  ventricular  to  aortic 
gradients . 

Proposed  Course:   The  data  and  conclusions  drawn  from  this  study  will  be 
submitted  for  publication. 
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Project  Title:   Hemolytic  anemia  with  cloth  covered  Starr-Edwards 
aortic  valves . 

Previous  Serial  Number:   None 

Principal  Investigators:   John  W.  Brown,  M.  D. 

Arthiir  W.  Niehuis,  M.  D. 
Joseph  Fratatoni,  M.  D. 
Larry  Corash,  M.  D. 

Other  Investigators:   Charles  L.  Mcintosh,  M.  D. 
Harvey  Gralnick,  M.  D. 

Cooperating  Unit:   Hematology  Branch,  KHLI 

Project  Description:   Traumatic  red  cell  destruction  occurs  frequently  after 
prosthetic  aortic  valve  replacement  but  rarely  becomes  clinically 
significant  in  the  patient  with  a  normally  functioning  prosthesis.  Twelve 
patients  with  anemia  have  come  to  our  attention  over  the  past  year,  and  all 
have  cloth-covered  Starr-Edwards  aortic  valves .   Three  have  paraprosthetic 
aortic  regurgitation  which  is  felt  not  to  be  hemodynamically  significant. 
Five  of  these  patients  have  also  had  mitral  valve  replacement.  All  12 
patients  were  iron  deficient  at  the  time  their  anemia  was  recognized  and 
all  had  evidence  of  significant  hemolysis.   Or 51  RBC  survival  and  carbon 
manoxide  production  were  done  before  and  after  treatment  with  high-dose 
iron  replacement  and/or  transfusion,  to  determine  whether  the  rate  of 
hemolysis  was  influenced  by  the  hematocrit  level  and/or  cardiac  output. 
Fe59  was  used  to  detennine  whether  individual  variation  in  absorption 
may  be  responsible  for  variations  in  the  severity  of  anemia.   Thirty 
non-anemic  patients  have  also  been  studied  to  obtain  the  expected  hemolytic 
rate  with  these  valves. 

Results :   Six  of  the  twelve  patients  in  the  study  were  able  to  correct  their 
anemia  when  given  adequate  iron.   Four  patients  remained  anemic  while  on 
high  dose  iron  but  two  were  found  to  have  other  causes  for  persistent 
anemia.   The  remaining  two  patients  have  yet  to  be  studied.   The  Gr^l, 
Fe''-^,  and  carbon  monoxide  production  data  is  not  yet  available. 


Proposed  Course:   A  formal  protocol  for  studying  these  patients  has  been 
prepared.   The  data  on  these  twelve  patients  will  compose  the  material 
for  a  paper  to  be  submitted  for  publication. 
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Serial  No.     NHLI-178 


1 .   Clinic  of  Surgery 
3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  197^+ 

Project  Title:   Experimental  coronary  to  pulmonary  artery  fistula 

Previous  Serial  Number:  None 

Principal  Investigator:  Bruce  A.  Retiz,  M.  D- 

Other  Investigators:   Lynn  H.  Harrison,  Jr.,  M.  D. 
Lawrence  L.  Michaelis,  M.  D. 

Project  Description:   Congenital  and  traumatic  coronary  artery  fistulae  are 
a  well  descrihed  clinical  entity,  although  no  experimental  model  of  this 
condition  has  been  reported.   The  physiological  consequences  of  this 
anomaly,  and  thus  the  indications  for  surgical  repair,  remain  unclear.   We 
present  an  acute  model  for  coronary  to  pulmonary  artery  fistula  (C-PAF) 
with  measurements  of  resulting  coronary  artery  hemodynamics  and  left 
ventricular  function. 

Nine  adult  foxhounds  underwent  vein  bypass  from  the  circumflex 
coronary  to  the  main  pulmonary  artery  using  an  internal  polyethylene  shunt 
so  that  cardiopulmonary  bypass  was  unnecessary.   Measurements  of  aortic 
flow,  left  ventricular  pressure  (LVP),  aortic  pressure  (A?)  ,  and  flow 
in  the  proximal  coronary  (QPC),  distal  coronary  (QDC)  and  fistula  (Q^)   were 
made  with  the  fistula  open  and  closed. 

Results:   Mean  QF  was  89. 1  cc/min,  representing  a  1.1:1  L  to  R  shunt. 
QPC  increased  211^  with  the  opening  of  the  fistula  while  mean  QDC  decreased 
only  26^.   LVP,  AP,  LV  dp/dt,  stroke  volume  and  heart  rate  were  unchanged 
with  the  fistula  open  or  closed.   Phasic  flow  tracings  show  a  continuous 
flow  pattern  in  the  PC  and  fistula,  in  contrast  to  the  normal  coronary 
diastolic  flow  dominance.   In  summary,  an  experimental  C-PAF  is  described 
which  produced  striking  alterations  in  coronary  flow  patterns  but  no  measur- 
able effect  on  left  ventricular  function.   Patterns  of  phasic  flow  are 
compatible  with  those  observed  in  peripheral  A-V  fistulae. 

Proposed  Course:   A  manuscript  has  been  prepared  and  submitted 
for  publication. 
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Serial  No.  NHTJ-179 
1.   Clinic  of  Surgery 
3.  Bethesda,  Md. 

PHS-WIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  197^^+ 

Project  Title:   Acute  and  chronic  effect  of  complete  removal  of  the 
tricuspid  and  pulmonic  valves. 

Previous  Serial  Number:   None 

Principal  Investigators:   Bruce  A.  Reitz,  M.  D. 
John  W.  Brown,  M.  D. 

Other  Investigators:   Lawrence  L.  Michaelis,  M.  D. 

Project  Description:   Recent  operations  suggested  for  the  treatment  of 
right-sided  bacterial  endocarditis  involve  complete  removal  of  the 
tricuspid  and  occasionally  the  pulmonic  valve.   Other  procedures  for 
Ebstein's  anomaly  have  been  suggested  which  would  make  a  conduit  of  the 
right  heart.  However,  no  studies  of  animals  with  the  absence  of  both 
right  heart  valves  has  been  reported. 

Complete  removal  of  the  tricuspid  and  piilmonic  valves  on  cardio- 
pulmonary bypass  was  accomplished  in  eight  normal  adult  dogs,  thus  making 
right  atrial,  right  ventricular,  and  pulmonary  artery  pressures  equal  to 
preoperative  right  ventricular  pressures . 

Results:   All  dogs  survived  the  operation,  but  five  died  within  three 
months  of  progressive  right-sided  heart  failure.   Catheterization  performed 
before,  immediately  after,  and  one  month  postoperatively  demonstrated 
normal  pulmonary  artery  wedge  pressures,  but  a,  decrease  in  both  mean 
cardiac  output  {kk%)   and  mean  arterial  pressure  (22^). 

Proposed  Course:   These  studies  demonstrate  that  removal  of  both  the  right 
heart  valves  is  very  poorly  tolerated  in  the  experimental  animal  model  and 
suggest  that  this  surgical  procedure  is  likely  to  be  only  a  temporizing 
maneuver  in  man.   A  manuscript  is  in  preparation. 
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Serial  No.  NHLI-180 
1.  Clinic  of  Surgery 
3.     Bethesda,  Md. 

PHS-NIH 

Individual  Project  Reports 

July  1,  1973  through  June  30,  1974 

Project  Title:   Protection  of  the  heart  for  24  hours  using  an  intracellular 
(high  K  )  solution  and  hypothermia 

Previous  Serial  Number:  None 

Principal  Investigators:   Bruce  A.  Reitz,  M.D. 

William  R.  Brody,  M.D. 

Other  Investigators:      Paul  R.  Hickey,  M.D. 

Lawrence  L.  Michaelis,  M.D. 

Project  Description:  Recent  studies  suggest  that  high  K"*"  solutions  prolong 
the  viability  of  myocardium  subjected  to  anoxia,  and  that  kidney  grafts 
can  be  protected  for  48-72  hours  by  washout  with  an  intracellular  (high  K"*") 
solution  and  hypothermic  storage.  This  principle  was  applied  to  canine 
heart  preservation  and  graft  viability  was  tested  by  orthotopic  trans- 
plantation. 

Eighteen  donor  hearts  were  flushed  i^  situ  with  800  cc ,  of  cold 
(4°  C.)  Collins  C2  solution  (K^   concentration  115  mEq/L)  or  Sack's  solu- 
tion (K"*"  =  126  mEq/L).   The  heart  was  then  removed  and  suspended  in  a  jar 
of  the  solution  and  stored  at  4°  C.  without  oxygenation  or  perfusion. 
Storage  ranged  from  19-26  hours,  and  was  followed  by  orthotopic  transplan- 
tation. 

Results:  All  hearts  were  easily  defibrillated  on  perfusion  and  supported 
the  circulation  off  cardiopulmonary  bypass,  although  11  required  low  dose 
isoproterenol  infusion.  Four  animals  had  low  cardiac  output  and  died  in 
the  first  seven  hours  postoperatively.   Fourteen  animals  were  weaned  from 
the  respirator  and  lived  eight  hours  to  5%  days,  with  four  surviving  until 
homograft  rejection  (22%).   Subendocardial  necrosis  was  seen  histologically 
in  those  animals  which  required  inotropic  agents  or  died  of  rejection. 

Proposed  Course:   These  initial  results  are  encouraging  and  represent  the 
longest  reported  period  of  anoxic  arrest  followed  by  viable  heart  function. 
This  method  may  have  application  for  protection  of  the  heart  during  cardiac 
operations  as  well  as  for  transplantation.  A  manuscript  has  been  prepared 
and  submitted  to  the  Surgical  Forum  of  The  American  College  of  Surgeons. 
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Serial  No.  NHLI-181 
1.   Clinic  of  Surgery 
3-  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  19T3  through  June  30,  197^+ 

Project  Title:   The  effect  of  shear  stress  on  trans endothelial  lipid 
migration. 

Previous  Serial  Number:  None 

Principal  Investigators:  Lynn  H.  Harrison,  Jr.,  M.  D. 
Michael  S.  Cann,  M.  D.  • 
Donald  L.  Fry,  M.  D. 

Cooperating  Units:   Section  of  Pathology,  NHLI 

Project  Description:   Evans  Blue  Dye  has  heen  used  as  a  visual  marker 
to  indicate  transendothelial  protein  flux.   This  technique  has  "been 
employed  to  ascess  lipo-protein  migration  across  vascular  endothelium 
in  27  dogs  who  have  undergone  creation  of  femoro-femoral  and  carotid- 
jugular  AV  fistulae  with  contralateral  sham  operations.  Dye  was  injected 
intravenously  at  the  time  of  operation  and  the  animal  sacrificed  2U  hours 
later.  Carotid  and  femoral  vessels  were  resected  en  block  for  photo- 
scanning  and  microscopic  study. 

Results :  Preliminary  resTilts  document  increased  uptake  of  dye  by  the 
shiinted  vessels  as  compared  with  contralateral  shams.  Microscopic  examina- 
tion of  tissues  is  incomplete. 

Proposed  Course:   Animals  with  chronic  AV  fistulae  are  being  harvested  to 
study  the  long-term  effects  of  increased  flow  on  orientation  of  endothelial 
cells,  permeability  of  endothelium  to  lipo-proteins  and  effects  on 
subintimal  architecture  of  flow-dividers. 
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Serial  No,  NHM-1B2 
I  .   ri  inio  of  l»(ii>'.i*«\v 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  Jiuie  30,  197'* 

Project  Title:  A  comparison  of  fixed  versus  fresh  autologousvwein 
grafts  as  arterial  substitutes. 

Previous  Serial  Number:  None 

Principal  Investigators:   Lynn  H.  Harrison,  Jr.,  M.  D. 
Michael  S.  Cann,  M.  D. 

Other  Investigators:  John  W.  Brown,  M.  D. 
David  L.  Gregg,  M.  D. 
Charles  L.  Mcintosh,  M.  D. 

Project  Description:   Progressive  subintimal  hyperplasia  has  been 
postulated  as  a  mechanism  whereby  fresh  veins  used  as  arterial  substitutes 
gradually  become  nonpatent.  To  ascertain  whether  pretreatment  of 
autologous  vein  grafts  with  glutaraldehyde  protect  against  this  process, 
both  fresh  and  fixed  vein  grafts  were  performed  in  a  total  of  h^   dogs 
in  femoral,  carotid  and  coronary  positions.  In  some  animals,  composite 
grafts  containing  both  fresh  and  fixed  vein  segments  were  utilized.   The 
experimental  animals  underwent  selective  angiography  three  to  eight 
months  following  operation,  after  which  grafted  vessels  were  harvested 
for  microscopic  examination. 

Results:  Angiography  revealed  no  significant  difference  in  the  patency 
rates  of  the  fixed  and  fresh  grafts,  and  in  each  case  the  patency  rate 
was  low  (12/39  for  fresh  vessels;  lU/39  for  fixed  vessels). 

Proposed  Course:  All  experimental  animals  have  been  harvested  and  specimens 
are  in  the  process  of  being  prepared  for  microscopic  study. 
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Serial  No.   NHLI-183 


1.   Clinic  of  Surgery 
3.   Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  19T3  trhough  June  30,  igT"* 

Project  Title:   Development  of  a  canine  model  for  primary  pulmonary 
hypertension. 

Previous  Serial  Number:   None 

Principal  Investigators:   Lynn  H.  Harrison,  Jr.,  M.  D. 
Michael  J.  Andrews,  M.  D. 
Robert  C.  Guyton,  M.  D. 

Other  Investigators:   Charles  L.  Mcintosh,  M.  D. 

Lawrence  L.  Mlchaelis ,  M.  D. 
Kenneth  M.  Kent,  M.  D. 

Cooperating  Unit:   Cardiology  Branch,  NHLI 

Project  Description:   Adult  mongrel  dogs  are  subjected  to  thoracotomy  and 
partial  ligation  of  the  pulmonary  veins  of  one  lung  sufficient  to  elevate 
pulmonary  venous  pressure  10-12  mm.  Hg  proximal  to  the  ligature.   The 
animal  is  allowed  to  recover  for  one  week  before  bilateral  femoro-femoral 
AV  fistulae  are  performed.   The  animals  are  then  catheterized  one  month 
thereafter  and  pulmonary  artery  pressures  ascertained  and  pulmonary 
angiograms  performed.   If  pulmonary  artery  pressures  do  not  exceed  i+0  mm.  Hg, 
additional  AV  fistulae  will  be  performed  in  the  carotid-jugular  systems 
bilaterally,  and  the  animal  recatheterized  one  month  hence. 

Results:   Two  of  a  proposed  six  animals  have  undergone  pulmonary  vein 
constriction  and  creation  of  peripheral  A-V  fistulae.   They  await 
catheterization,  to  be  performed  four  weeks  postoperation. 

Proposed  Course:   If  we  are  successful  in  producing  a  reliable  canine  model 
for  pulmonary  hypertension,  we  intend  to  explore  pharmacologic  manipulations 
of  the  autonomic  nervous  system  to  see  if  previously  documented  vagal  and 
sympathetic  elements  within  the  lung  can  be  stimulated  or  suppressed  so  as 
to  reverse  progressive  increases  in  pulmonary  vascular  resistance. 
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Serial  No.     NHLI-184 


1.   Clinic  of  Surgery 
3.  Bethesda,  Md. 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  197*+ 

Project  Title:  A  study  of  the  effect  of  flow  reversal  on  endothelial 
patterns  and  flow  dividers. 

Previous  Serial  Number:  None 

Principal  Investigators:   Lynn  H.  Harrison,  Jr.,  M.  D. 
Donald  L.  Fry,  M.  D. 

Other  Investigators:  John  W.  Brown,  M.  D. 

P.  David  Myerowitz,  M.  D. 
Victor  Ferrans,  M.  D. 
Charles  L.  Mcintosh,  M.  D. 

Cooperating  Unit:   Section  of  Pathology,  NHLI 

Project  Description:   The  ultrastructural  changes  produced  by  a  reversal  of 
flow  in  the  abdominal  and  thoracic  aorta  of  the  dog  is  being  studied.   By 
sewing  a  woven  dacron  graft  into  the  thoracic  aorta  immediately  distal  to 
the  left  subclavian  artery  and  implanting  the  distal  end  into  the  lower 
abdominal  aorta  just  proximal  to  the  trifurcation  and  then  occluding  the 
aorta  with  a  shielded  Edwards  clip,  the  direction  of  flow  in  the  abdominal 
and  thoracic  aorta  is  reversed.  Two  groups  of  six  animals  each  are  being 
prepared  in  this  manner. 

Results:  Pending  sacrifice  of  animals. 

Proposed  Course:   The  first  group  will  be  maintained  on  normal  diet  for 
six  months  and  then  sacrificed.  The  second  group  will  undergo  thyroidectomy 
and  will  be  placed  on  a  high  fat,  high  cholesterol  diet  to  which 
propylthiouracil  will  be  added.  These  animals  will  be  sacrificed  at  one 
year.  The  vessels  of  each  group  will  be  harvested  en  block  for  gross, 
light-  and  electron-microscopic  examination.   Particular  attention  will  be 
paid  to  endothelial  cell  density  and  nuclear  patterns ,  topographic  study 
of  atheroma  formation  and  subendothelial  lipid  deposition. 
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Serial  No.   NHLI-185 


1.     Clinic  of  Surgery 
3.      Bethesda,  Md. 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  The  effect  of  cholinergic  stimulation  on  ventricular 
fibrillation  threshold  in  the  dog. 

Previous  Serial  Number:  None 

Principal  Investigators:  Lynn  H.  Harrison,  Jr.,  M.D. 
Lura  A.  Harrison,  Ph.D. 

Other  Investigators:      Kenneth  M.  Kent,  M.D.,  Ph.D. 
Stephen  E.  Epstein,  M.D. 

Cooperating  Unit:         Cardiology  Branch,  NHLI 

Project  Description:   Ventricular  fibrillation  threshold  (VFT)  was  studied 
in  15  dogs  one  week  following  thoracotomy  and  implantation  of  an  occlusion 
balloon  on  LAD  coronary  artery,  ventricular  stimulating  electrodes,  EKG 
electrodes,  and  atrial  pacing  electrodes.   Values  of  VFT  in  the  normal 
and  ischemic  myocardium  were  compared  with  those  following  edrophonium 
chloride  (Tensilon  (R))  infusion. 

Results:   Edrophonium  chloride  was  found  to  increase  VFT  in  both  the 
ischemic  and  non-ischemic  myocardium  and  is  a  potential  therapeutic  inter- 
vention for  the  treatment  of  ventricular  dysrhythmias . 

Proposed  Course:  Project  has  been  terminated. 

Publications:   Harrison,  L.  A.,  Harrison,  L.  H.,  Kent,  K.  M. ,  and 

Epstein,  S.  E.:   Enhancement  of  Electrical  Stability  of 
Acutely  Ischemic  Myocardium  by  Edrophonium. 
Circulation.   In  press. 
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Serial  No.      NHLI-186 


1.   Clinic  of  Surgery 
3.  Bethesda,  Md. 

PHS-NIH 

Individual  Pro.lect  Report 

July  1,  1973  through  June  30,  197^ 

Project  Title:  Acute  renal  and  hemodynamic  responses  to  methylprednisolone 
in  experimental  cardiogenic  shock 

Previous  Serial  Nvunber:  NHLI-60 

Principal  Investigators:   Paul  R.  Hickey,  M.  D. 
Norman  L.  Luka,  M.  D. 

Other  Investigators:   Lawrence  L.  Michaelis,  M.  D. 
Scott  I.  Allen,  M.  D. 

Cooperating  Unit:   Division  of  Computer  Research  and  Technology,  NIH 

Project  Description:   In  the  controversy  over  use  of  steroids  in  shock, 
increases  in  urine  output  after  drug  administration  have  been  interpreted 
as  evidence  of  improved  renal  perfusion.   Conflicting  reports  of  acute 
hemodynamic  effects  have  appeared,  and  effects  on  renal  function  in  shock 
have  not  been  documented. 

Eight  of  19  dogs  survived  extensive  instrumentation  and  progressive 
embolization  of  microspheres  into  their  coronary  arteries  reducing  cardiac 
output  to  30%   of  pre-eiiibolization  levels.  After  stabilization,  baseline 
measurements  of  cardiac  output  (CO),  arterial  pressure  (AP) ,  renal  blood 
flow  (RBF),  peripheral  (femoral)  flow  (PF),  creatinine  clearance  (GFR), 
urine  output  (V) ,  and  sodium  excretion  ftJ^  V)  were  made.   When  these  param- 
eters had  been  stable  for  a  one  hour  control  period,  intravenous 
methylprednisolone  (30  mg/kg)  was  given  and  measurements  continued  for  at 
least  one  hour. 

Results:   The  mean  values  of  CO,  AP,  RBF,  PF,  and  GFR  taken  thereafter  at 

10-15  minute  intervals  showed  no  statistically  significant  changes  from 

control  period.   A  significant  diuresis  and  naturesis  occurred  at  30-^*5 

minutes,  reaching  levels  over  200^  of  those  seen  in  the  control  period, 

despite  constant  renal  blood  flow  and  GFR.   Four  control  dogs  from  an 

earlier  series  who  did  not  receive  the  drug  failed  to  show  a  similar  increase 

in  V  and  U„  V. 
Na 

These  data  suggest  that  increases  in  urine  flow  following  large  doses 
of  methylprednisolone  in  shock  are  not  necessarily  indicative  of  improved 
tissue  perfusion,  but  may  only  represent  a  direct  tubular  effect  of  the 
drug.   Methylprednisolone  had  no  significant  hemodynamic  effect  in  this 
study. 
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Serial  No.  NHLI-186 
1.  Clinic  of  Surgery 
3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  197^* 

Proposed  Course:   An  abstract  has  been  prepared  and  submitted  to  the 
Surgical  Forum  of  the  American  College  of  Surgeons . 
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Serial  No.  NHLI-187 
1.   Clinic  of  Surgery 
3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
Jiily  1,  1973  through  June  30,  197^ 

Project  Title:  Hemodynamics  of  coronary  artery  flow  in  acute  and 
chronic  aortic  regurgitation 

Previous  Serial  Number:   None 

Principal  Investigators:  Paul  R.  Hickey,  M.  D. 

Michael  J.  Andrews,  M.  D. 
William  R.  Brody,  M.  D. 
Bruce  A.  Reitz,  M.  D. 

Other  Investigators:   Lawrence  L.  Michaelis,  M.  D. 

Project  Description:  Ten  dogs  have  undergone  instrumentation  through 
a  left  thoracotomy.  The  left  circumflex  coronary  artery  was  encircled  with 
an  electromagnetic  flow  probe  proximally,  and  with  an  occlusive  balloon 
distally.  Both  of  these  instruments  were  anchored  in  place.  A  solid  state 
pressure  transducer  was  introduced  and  anchored  in  the  left  ventricular 
cavity  through  a  stab  wound  in  the  apex. 

After  the  animal  had  recovered  from  this  operative  procedure  (2-3 
days),  baseline  measurements  of  coronary  artery  flow  patterns  and  rate, 
systemic  pressure,  LVP,  and  dp/dt,  were  made.  After  this,  aortic 
regurgitation  was  created  through  a  right  thoracotomy  using  an  aortic  valve 
punch.  Acute  measurements  were  made  and  the  dogs  were  allowed  to  recover 
from  the  second  proced\ire.  Periodic  chronic  measurements  were  made  at 
intervals  of  up  to  one  month  after  the  production  of  regurgitation. 

Results:   Immediately  after  the  creation  of  aortic  regurgitation,  a  large 
percentage  of  coronary  blood  flow  was  seen  to  shift  from  diastole  to 
systole.   During  the  chronic  studies,  this  shift  was  seen  to  decrease 
slightly. 

Proposed  Course:   The  data  on  changes  in  quantity  of  blood  flow  and  changes 
in  LV  function  parameters  such  as  dp/dt  are  presently  being  evaluated. 
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Serial  No.  NHLI-188 
1.  Clinic  of  Surgery 
3.     BeChesda,  Md. 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  A  comparison  of  simultaneous  echocardiographic 
and  electromagnetic  flowmeter  deteinni nations  of 
stroke  volume. 

Previous  Serial  Number:  None 

Principal  Investigators:   P.  David  Myerowitz,  M.D. 

Other  Investigators:      John  W.  Brown,  M.D. 

Lynn  H.  Harrison,  M.D. 
Jim  Griffith,  M.Sc.  E.E. 
Walter  L.  Henry,  M.D. 
Charles  L.  Mcintosh,  M.D. 

Cooperating  Units:  Cardiology  Branch,  NHLI,  and  Biomedical  Engineering, 
Division  of  Research  Services 

Project  Description:   The  accuracy  of  echocardiography  in  determining  left 
ventricular  stroke  volume  (SV)  was  studied  by  comparing  simultaneous  echo- 
cardiographic and  electromagnetic  flowmeter  determinations  of  SV  in  a 
canine  model.  To  assess  echocardiographic  accuracy  under  varying  condi- 
tions and  a  wide  range  of  SV,  several  physiological  variables  were  intro- 
duced . 

Results:   The  overall  correlation  for  all  data  (82  observations  in  5  dogs) 
was  good  (r  =  .80).  Negative  inotropic  stimulation  with  propranolol 
infusion  and  increasing  afterload  with  descending  aortic  constriction 
increased  the  diastolic  left  ventricular  diameter  (LVID)  and  produced 
better  correlation  (r  =  .87  and  .88  respectively).   Increased  pulse  rate 
by  pacing  alone  and  pacing  with  isoproterenol  infusion  produced  smaller 
LVID  and  poorer  correlation  (r  =  .64  and  .62  respectively).   The  overall 
correlation  improved  (r  =  .83)  when  the  pacing  data  was  eliminated. 
This  study  lends  further  support  to  the  reliability  of  echocardiography 
in  determining  SV  by  comparison  to  simultaneous  determinations  by  electro- 
magnetic flowmeter  in  a  canine  model . 

Proposed  Course:   This  study  is  being  submitted  for  presentation  at  the 
American  Heart  Association  meeting  in  November,  1974. 
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Serial  No.  NHLI-189 


1.  Clinic  of  Surgery 
3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  19T3  through  June  30,  197*+ 

Project  Title:  Protection  of  the  myocardium  during  anoxic  arrest 

Previous  Serial  Number:   None 

Principal  Investigators:  William  R.  Brody,  M.  D. 
Bruce  A.  Reitz,  M.  D. 
Paul  R.  Hickey,  M.  D. 
Michael  J.  Andrews,  M.  D. 
Robert  A.  Guyton,  M.  D. 
Lawrence  L.  Michaelis,  M.  D. 

Other  Investigator:  Bernadine  H.  Btilkley,  M.  D. 

Cooperating  Unit:   Section  on  Pathology,  NHLI 

Project  Description:  This  study  attempts  to  compare  different  methods 
used  to  protect  the  myocardium  during  anoxic  arrest  while  on  cardio- 
piilmonary  bypass.   In  contrast  to  most  reported  studies,  this  project 
looks  at  effects  of  agents  on  chronic  survival  (>2  weeks),  on  chronic 
ventricular  function,  and  on  chronic  histologic  alterations  of  the  heart. 
Thirty- five  animals  underwent  cardiopulmonary  bypass .  Group  A  had  5 
minutes  of  anoxia  at  3T°C;  Group  B  had  60  minutes  of  anoxia  at  3T°C; 
Group  C  had  60  minutes  of  anoxia  with  local  surface  hypothermia;  and 
Group  D  had  120  minutes  of  anoxia  with  local  surface  hypothermia.   In  each 
group,  there  were  3  subgroups;  I  had  no  protective  solution  used,  II  had 
Ringers  lactate  solution  infused  into  the  aortic  root  (every  15  minutes 
during  anoxia);  III  had  Sacks  solution  (high  K+,  Low  Na+,  Mannitol)  infused. 

Results:   Survival  statistics  showed  that  Sacks  and  no  solution  animals 
fared  better  than  Ringers  lactate  treated  dogs  for  60  minutes,  normothermic , 
anoxic  arrest.  With  hypothermia  for  60  minutes  all  animals  survived. 
With  120  minutes  of  hypothermic  arrest  335?  of  Sacks  dogs  died,  while  none  of 
the  other  animals  surviV:ed. 

Proposed  Course:   Chronic  ventricular  function  and  histologic  studies  are 
being  completed  presently,  and  the  results  will  be  submitted  for 
presentation  and/or  publication. 
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Serial  No.  NHLI-190 
1.     Clinic  of  Surgery 
3.      Bethesda,  Md. 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Effects  of  alteration  of  coronary  blood  flow  on 

myocardial  function  in  the  normal  and  failing  heart. 

Previous  Serial  Number:  None 

Principal  Investigators:  William  R.  Brody,  M.D. 
Bruce  A.  Reitz,  M.D. 
Paul  R.  Hickey,  M.D. 
Michael  J.  Andrews,  M.D. 

Other  Investigators:      Kenneth  M.  Kempner,  M.S. 

Lawrence  L.  Michaelis,  M.D. 

Cooperating  Unit:   Division  of  Computer  Research  Technology,  NIH 

Project  Description:   The  influence  of  coronary  blood  flow  on  developed 
pressure  and  peak  dp/dt  in  the  isolated  heart  has  been  documented 
previously.   This  study  attempts  to  compare  the  response  to  coronary 
blood  flow  in  normal  isolated  canine  hearts  with  the  responses  in  hyper- 
trophied  hearts  obtained  from  aorto-caval  shunt  animals  (six  weeks  after 
shunting).  Fourteen  isolated  perfusion  studies  were  carried  out  in  normal 
and  hypertrophied  hearts  using  an  intermediate  host  and  a  pulsatile  per- 
fusion pump.   Temperature  was  controlled  to  36°  C,  and  isovolumetric  L-V 
function  was  determined  with  a  balloon  catheter  in  the  L.V.   Coronary  flow 
and  pressure  were  measured  in  addition  to  LVP  and  LV  dp/dt. 

Results:  Preliminary  data  analysis  indicates  two  differences  between  the 
normal  and  heart  failure  hearts:   The  left  ventricular  compliance  is 
increased  in  the  failing  heart  group  and,  in  addition,  these  hearts  do  not 
appear  to  augment  developed  pressure  with  increasing  coronary  blood  flow 
to  the  extent  that  normal  hearts  do. 

Proposed  Course:  LV  contractility  data  are  to  be  analyzed  once  the  computer 
programs  are  completed.  We  will  attempt  to  correlate  the  lack  of  augmenta- 
tion of  developed  pressure  in  the  failing  hearts  with  a  concomitant  absence 
of  an  increase  in  contractility.   If  the  results  are  consistent,  these 
data  will  be  correlated  with  the  in  vivo  studies  of  Kent,  Reitz,  et  al . , 
and  a  suitable  manuscript  will  be  prepared  for  publication.   If  no  con- 
sistent changes  are  found,  the  experiment  will  be  terminated  as  a  negative 
result. 
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Serial  No.  NHLI-191 
1.  Clinic  of  Surgery 
3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  197^+ 

Project  Title:  The  effect  of  Dipyridamole  on  intimal  proliferation 
in  venous  autografts  used  for  arterial  bypass 

Previous  Serial  Nxmiber:  None 

Principal  Investigators:  William  R.  Brody,  M.  D. 
John  W.  Brown,  M.  D. 
Bruce  A.  Retiz,  M.  D. 
Paul  R.  Hickey,  M.  D. 

Other  Investigators:  Donald  L.  Fry,  M.  D. 

Lawrence  L.  Michaelis,  M.  D. 

Cooperating  Unit:  Section  on  Experimental  Atherosclerosis,  NHLI 

Project  Description:  Fourteen  dogs  underwent  twenty-eight  femoral  artery 
bypass  procedures  using  autologous  femoral  vein  and  were  placed  into 
three  groups;  no  treatment;  postoperative  treatment  with  dipyridamole; 
pre  and  postoperative  treatment  with  dipyridamole.  After  six  weeks, 
femoral  angiography  was  performed  to  assess  graft  patency,  the  animals 
were  sacrificed,  and  the  grafts  removed  and  prepared  for  histologic 
examination.  Graft  patency  was  8l^.  Currently  the  histologic  sections 
are  being  examined  to  quantitate  the  degree  and  location  of  graft 
intimal  changes  to  determine  whether  Persantine  significantly  retards  the 
rate  of  development  of  the  intimal  changes. 

Results:   Preliminary  results  show  that  the  distribution  of  intimal  changes 
is  such  that  greatest  intimal  thickening  occurs  in  the  region  of  the 
anastamosis,  suggesting  that  turbvilent  flow  (increased  shear  stress)  rather 
than  elevated  wall  tension  is  responsible  for  intimal  proliferation. 
Persantine  does  not  appear  to  be  an  effective  agent  for  blocking  this 
graft  response. 

Proposed  Course:   Final  results  will  be  tabulated,  and  a  manuscript  will  be 
prepared  for  publication.   Further  experiments  will  be  planned  with  other 
agents  (e.g.  solumedrol)  used  to  prevent  intimal  proliferation. 
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Serial  No.  NHLI-192 
1 .  Clinic  of  Surgery 
3.   Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  19T3  through  June  30,  191k 

Project  Title:   Pressure  hypertrophy  of  the  canine  left  ventricle  in 
response  to  a  reversible  partial  aortic  occlusion 

Previous  Serial  Number:  None 

Principal  Investigators:   Robert  A.  Guyton,  M.  D. 

Michael  J.  Andrews,  M.  D. 

Other  Investigator:   Lawrence  L.  Michaelis,  M.  D. 

Project  Description:   The  purpose  of  this  study  is  to  develop  a  hemodynamic 
intervention  which  will  produce  left  ventricular  pressure  hypertrophy,  will 
leave  the  proximal  aorta  unmolested  for  future  use  in  acute  experiments, 
and  will  be  easily  reversible  after  hypertrophy  has  been  produced.   The 
intervention  under  investigation  is  partial  occlusion  of  the  aortic  arch 
between  the  brachio-cephalic  and  left  subclavian  arteries.   A  balloon 
occluder  is  placed  around  the  aorta  in  this  position  and  connected  with  a 
subcutaneous  chamber.   Percutaneous  puncture  of  the  chamber  allows 
hydraulic  inflation  of  the  balloon  occluder. 

Results:   Twelve  dogs  have  undergone  balloon  placement.   The  ballons  were 
infalted  just  to  the  point  of  obliteration  of  palpable  pulses  in  the  left 
forelimb  and  both  hindlimbs.   A  prominent  pulse  is  present  in  the  right  fore- 
limb.  Weekly  deflation  of  the  balloon  assures  that  fibrosis  does  not 
prevent  removal  of  the  pressure  gradient.   Leakage  of  saline  from  the 
subcutaneous  chamber  has  led  to  the  use  of  mercury  for  balloon  inflation. 

Proposed  Course:   These  animals  will  be  used  in  acute  experiments  after 
about  eight  weeks  of  high  left  ventricular  systolic  pressure.   The 
pressure  gradient  across  the  balloon  will  be  measured  and  left  ventricular 
weight  and  wall  thickness  will  be  used  to  determine  the  degree  of 
hypertrophy  achieved. 
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Serial  No.    NHLI-193 


1 .  Clinic  of  Surgery 
3.   Bothesda,  Md. 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  197^ 

Project  Title:   Subepicardial  and  subendocardial  ischemia  following 
coronary  occlusion 

Previous  Serial  Nvimber:  None 

Principal  Investigators:  Robert  A.  Guyton,  M.  D. 

Michael  J.  Andrews,  M.  D. 
Paiil  R,  Hickey,  M.  D. 

Other  Investigators:   Lawrence  L.  Michaelis,  M.  D. 

Project  Description:  Epicardial  and  endocardial  electrodes  have  been  used 
to  record  S-T  segment  elevation  in  the  axea  of  an  acute  myocardial 
infarction  in  six  dogs,  with  careful  control  of  hemodynamic  variables. 
Five  minute  occlusion  of  the  distal  left  anterior  descending  artery  under 
pre-set  hemodynamic  conditions  (aortic  pressure  100  mg.  Hg,  heart  rate  150, 
cardiac  output  1.5  liters/minute)  causes  reproducible  epicardial  and 
endocardial  S-T  segment  elevation. 

Results:  Preliminary  restilts  indicate  that  elevation  of  heart  rate  or 
cardiac  output  increases  both  epicardial  and  endocardial  S-T  elevation, 
but  decreases  the  ratio  of  endocardial  to  epicardial  elevation.  A  decrease 
in  aortic  pressure  causes  similar  changes.  Elevation  of  aortic  pressure 
causes  a  decrease  in  endocardial  and  epicardial  S-T  elevation  and  an 
increase  in  the  ratio  of  endocardial  to  epicardial  elevation.   In  two  dogs, 
epicardiEil  S-T  elevation  could  be  eliminated  by  hypertension  while 
endocardial  elevation  persisted. 

Proposed  Course:   Further  studies  are  planned  using  hypertrophied  hearts 
and  perfusion  of  coronary  arteries  in  normal  hearts  with  blood  under 
ventricular  pressure  to  exacerbate  differences  in  subepicardial  and 
subendocardial  ischemia.   Studies  with  coronary  vasodilators  and  cardiotonic 
drugs  may  also  prove  fruitful. 


S»7 


Serial  No.  NHLI-194 
1.   Clinic  of  Surgery 
3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  197^ 

Project  Title:   Experimental  infundibular  pulmonic  stenosis.   Effects 
of  positive  inotropic  agents. 

Previous  Serial  Number:   NHLI-66 

Principal  Investigators:   Kent  W.  Jones,  M.  D. 
Michal  Jones,  M.  D. 

Other  Investigators:   Stephen  B.  Colvin,  M.  D. 
Scott  I.  Allen,  M.  D. 
Lawrence  L.  Michaelis,  M.  D. 

Cooperating  Unit:   Division  of  Computer  Research  Technology,  NIH 

Project  Description:   A  model  of  infundibular  pulmonic  stenosis  was  created 
in  ik   puppies .   The  animals  later  received  intravenous  infusions  of 
isoproterenol  and  calcium  chloride,  and  increments  of  acetyl  strophanthidin. 
Cardiac  output,  peak  systolic  gradient,  infiindibular  blood  flow  and  right 
ventriciilar  outflow  orifice  area  were  determined  with  each  provocative 
measure . 

Results:   Isoproterenol  infusion  narrowed  the  infundibular  orifice  area  in 
11  of  ik   dogs,  an  average  decrease  of  29^  from  baseline  (p^  .05).   Ten 
of  11  animals  receiving  calcium  chloride  demonstrated  an  average  of  lk% 
decrease  in  orifice  size  (p^.OOl),  and  all  12  dogs  receiving  acetyl 
strophanthidin  showed  a  narrowing  of  the  orifice,  the  average  being 
18%   (p<.00l). 

Right  ventricular  angiocardiography  and  necropsy  studies  demonstrated 
marked  infundibular  narrowing,  right  ventricular  hypertrophy  and  a 
dilated  chamber  distal  to  the  obstruction. 

Stimulation  of  the  contractile  state  of  the  myocardium,  in  the 
presence  of  muscular  infundibular  pulmonic  stenosis,  may  be  detrimental, 
because  of  the  dynamic  characteristics  of  this  obstruction. 

Proposed  Course:   This  project  is  completed.   A  manuscript  has  been  accepted 
for  publication  by  The  Journal  of  Thoracic  and  Cardiovascular  Surgery. 
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Serial  No.   NHLI-195 


1.   Clinic  of  Surgery 
3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  197*+ 

Project  Title:   Effects  of  aortic  stenosis  on  (A)  Coronary  blood  flow 
and  (b)  Regional  distribution  of  blood  flow. 

Previous  Serial  Number:  NHLI-70 

Principal  Investigators:  Jack  G.  Copeland,  M.  D. 
Norman  L\ika,  M.  D. 

Other  Investigators:   Lawrence  L.  Michaelis,  M.  D. 

Project  Description:   In  7  dogs,  valvular  aortic  stenosis  was  created  by 
clipping  together  the  commissures  of  the  aortic  valve  under  inflow 
occlusion.  The  resulting  mean  calculated  valve  area  was  .38  +^  .09  cm 
(normal  2.7-3.0  cm2).   Cardiac  output  was  raised  by  volume  loading  with 
heparinized  whole  blood  and  making  peripheral  A-V  fistulas.  Coronary  sinus 
flow  was  measured  with  timed  collections. 

Results:   Peak  systolic  gradients  ranged  from  20  to  170  mm.  Hg.  Persistent 
elevation  of  left  ventricular  end-diastolic  pressure  did  not  occur. 
Myocardial  oxygen  consiomption  was  5  to  10  times  greater  than  normal  and 
correlated  better  with  peak  systolic  gradient  (r=  .91),  tension  time 
index  (r=  .89),  cardiac  output  (r=  .83),  and  LV  dp/dt  (r=  .82)  than  with 
stroke  volvmie  (r=  .69),  stroke  work  (r>=  .75)  and  minute  work  (r=  .7't)- 
External  mechanical  efficiency  ranged  from  2  to  10  times  greater  than 
normal . 

Markedly  increased  myocardial  oxygen  consumption  and  external 
mechanical  efficiency  were  responses  of  normal  dog  hearts  to  acute 
valvular  aortic  stenosis .  The  ability  to  compensate  in  the  face  of 
moderate  to  severe  gradients  prevented  cardiac  failure.  Peak  systolic 
gradient  and  tension  time  index  correlated  best  with  myocardial  oxygen 
consumption. 

Proposed  Course:  A  manuscript  is  in  preparation. 
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Serial  No.  NHLI-196 
1.  Clinic  of  Surgery 
3.      Bethesda,  Md. 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  Hemodynamic  and  anatomic  evaluation  of  experimental 
valvular  aortic  stenosis. 

Previous  Serial  Number:  NHLI-69 

Principal  Investigator:   Jack  G.  Copeland,  M.D. 

Other  Investigators:      Barry  J.  Maron,  M.D. 
Norman  L.  Luke,  M.D. 
Victor  J.  Ferrans,  M.D.,  Ph.D. 
Lawrence  L.  Michaelis,  M.D. 

Cooperating  Units:        Cardiology  Branch,  NHLI 

Section  of  Pathology,  NHLI 

Project  Description:  An  experimental  method  is  described  for  the  production 
of  acute  and  chronic  aortic  valvular  stenosis  in  dogs.   The  resulting 
lesion  is  similar  physiologically  and  pathologically  to  that  seen  in 
humans  with  aortic  valvular  stenosis.   Fusion  of  two  commissures  of  the 
aortic  valve  by  stainless  steel  clips  led  to  gradual  (about  three  weeks) 
development  of  mild  to  moderate  aortic  valvular  stenosis.   This  degree  of 
valvular  obstruction  was  maintained  for  up  to  24  weeks  postoperatively. 

Results:   Valve  leaflets  were  fibrotic  and  thickened,  and  the  commissures 
were  fused.  Left  ventricular  hypertrophy  was  documented  by  the  finding 
of  increased  left  ventricular  weights  (average  increase,  44  percent)  and 
increased  transverse  diameters  of  the  muscle  cells.  Fusion  of  all  three 
aortic  valve  commissures  by  clips  produced  severe  aortic  stenosis  immediately; 
in  some  animals,  however,  the  valvular  obstruction  diminished  progressively 
over  the  first  four  postoperative  weeks,  due  to  tearing  of  the  leaflets 
with  resultant  increase  in  valve  area  and  development  of  aortic  regurgita- 
tion. Possible  applications  of  these  models  for  hemodynamic  and  morphologic 
studies  are  discussed. 

Proposed  Course:   This  paper  has  been  published  in  The  Journal  of  Thoracic 
and  Cardiovascular  Surgery. 
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ANNUAL  REPORT  OF  THE 

SECTION  ON  EXPERIMENTAL  ATHEROSCLEROSIS 

NATIONAL  HEART  AND  LUNG  INSTITUTE 

July  1,  1973  through  June  30,  1974 

The  main  activities  of  the  Section  on  Experimental  Atherosclerosis  over 
the  past  year  have  been  in  the  areas  of  experimental  pathology,  human  patholo- 
gy, lipoprotein  chemistry,  arterial  wall  tissue  culture,  vascular  physiology 
and  data  processing.  Our  efforts  with  these  disciplines  have  been  focused 
rather  directly  on  solutions  to  questions  regarding  the  genesis  of  the  athero- 
sclerotic plaque,  the  lethal  lesion  of  atherosclerosis.  A  variety  of  experi- 
mental observations  from  this  section,  which  have  been  covered  in  previous 
annual  reports,  have  suggested  the  following  working  hypothesis  upon  which 
much  of  the  program  of  this  section  is  based. 

Working  Hypothesis; 

Endothelial  permeability  is  altered  by  local  hemodynamic  factors  such 
that  there  is  a  greater  flux  of  plasma  substances  across  the  endothelial  sur- 
face into  the  intimal  tissues.  The  increased  tissue  concentration  of  certain 
of  these  plasma  substances  stimulates  the  proliferation  of  smooth  muscle  cells 
in  the  intima,  greatly  increasing  the  intimal  tissue  thickness.  These  cells 
metabolize  the  lipoproteins  associated  with  the  Increased  permeability  by  hy- 
drolyzing  the  triglyceride  present.  However,  these  cells  are  apparently  un- 
able to  metabolize  the  cholesterol  and  cholesteryl  ester  which,  therefore, 
tend  to  acctimulate  at  the  site  in  the  form  of  intracellular  inclusions  and 
extracellular  aggregates.  Vascular  tissue  is  apparently  not  equipped  to  re- 
solubillze  these  aggregates  of  cholesterol  products  and,  therefore,  unable 
to  transport  the  cholesterol  away  from  the  site  of  deposition.  As  a  conse- 
quence there  is  a  progressive  accumulation  of  this  material  and,  since  it 
cannot  be  metabolized,  the  tissue  treats  it  much  as  any  other  "foreign"  body, 
ultimately  walling  it  off  with  fibrous  tissue  and  chronic  inflamatory  cells 
thereby  producing  the  mature  atheromatous  plaque.  As  will  be  shown  below, 
efforts  this  year  are  directed  toward  critical  scrutiny  of  various  aspects  of 
this  supposed  scheme. 

Studies  of  permeability  and  the  subsequent  development  of  atherogenesis. 

The  permeability  of  the  endothelial  surface  may  be  measured  by  deter- 
ming  both  the  rate  at  which  tagged  species  of  interest  cross  the  endothelial 
surface  and  the  concentration  gradient  driving  this  flux.  The  permeability 
of  the  surface  for  lipoproteins  correlates  with  that  for  albumin.   Since  al- 
bumin is  more  stable  and  easier  to  prepare,  we  have  used  albumin  as  a  macro- 
molecular  probe  for  most  of  our  permeability  studies.  A  variety  of  molecular 
tags  have  been  studied  but  we  have  found  that  EVans  blue  dye  is  the  most 
practical  albumin  tag  for  most  purposes. 

When  E^^'ans  blue  dye  is  injected  intravenously  into  an  animal  virr .-.a!''-.- 
all  of  the  dye  becomes  bound  to  serimi  albumin.   In  areas  of  increased  per- 
meability more  albtjmin  passes  across  the  endothelial  surface  thus  depositing 
more  blue  dye  in  these  areas.  Measurement  of  the  concentration  of  dye  in  the 
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Intlmal  tissue  at  a  given  site  is  a  measure  of  prior  albumin  flux  at  this 
point  and,  therefore,  permeability. 

A  reflectance  method  was  developed  to  estimate  the  concentration  of 
Evans  blue  dye  in  the  intima.   The  concentration  of  Evans  blue  dye  in  the 
vascular  intima  and  the  amount  of  light  absorbed  by  it  were  found  to  be  re- 
lated approximately  logarithmically.   This  relationship  is  given  by  c  =  k^P  + 
k_p  ,  where  c  is  the  surface  concentration  in  n.moles/cm^,  p  is  the  negative 
natural  logarithm  of  the  ratio  of  the  reflected  light  in  the  presence  of  Evans 
blue  dye  to  the  reflected  light  at  the  same  site  in  the  absence  of  Evans  blue 
dye.   The  constants  kj^  and  k2  were  found  to  be  about  2.90  and  0.79,  respec- 
tively . 

Thus,  measurement  of  reflected  light  from  opened  blood  vessel  surfaces  at 
appropriate  wavelengths  allows  one  to  estimate  the  endothelial  surface  per- 
meability as  a  function  of  location  on  the  vascular  surface.   A  special  scan- 
ning photometer  was  designed  and  developed  for  this  purpose.   The  opened 
blood  vessel  is  placed  in  a  saline  bath  which  is  driven  by  servomotors  under 
control  of  the  operator  so  that  the  reflected  light  from  every  point  on  the 
surface  can  be  measured.   The  output  of  this  scanning  reflectometer  consists 
of  the  signal  from  the  photometer,  the  x  coordinate,  the  y  coordinate,  and 
information  from  an  event  code  generator,  all  of  which  are  recorded  on  a  4- 
channel  FM  magnetic  tape  system  for  subsequent  computer  processing. 

A  mapping  procedure  was  developed  which  permitted  the  mapping  of  this 
information  on  to  a  standard  arterial  tree  coordinate  system,  so  that  com- 
parisons could  be  made  from  animal  to  animal.   A  preliminary  study  of  the 
resulting  topographic  distribution  of  permeability  in  a  series  of  normal  dogs 
has  shown  that  these  patterns  of  surface  permeability  are  very  similar  to  the 
sudanophilic  patterns  of  early  atherosclerosis  in  this  same  species.   We  con- 
clude from  this  that  areas  of  intimal  lipid  deposition  in  early  atherosclero- 
sis correspond  closely  to  the  same  areas  of  increased  protein  permeability. 

The  patterns  of  increased  permeability  described  in  the  studies  above 
suggest  that  permeability  is  frequently  greatest  in  regions  where  one  would 
expect  disturbed  flow  conditions  or  locally  intense  hemodynamic  stresses. 
Experiments  were  designed  to  pursue  these  observations  along  two  different 
avenues.   In  the  first  set  of  studies  the  effect  of  simple  elevation  of  pres- 
sure was  examined.   Thoracotomy  was  performed  and  a  constricting  tape  was 
placed  around  the  midportion  of  the  descending  thoracic  aorta  such  that  an 
artificial  coarctation  was  created.   Pressures  above  the  tape  were  held  at 
approximately  200  mm  of  mercury  pressure  whereas  those  below  were  of  the  or- 
der of  70.   In  these  animals  the  flux  of  albumin  across  the  endothelial  sur- 
face was  found  to  be  several  times  greater  in  the  high  pressure  segment  than 
in  the  low  pressure  segment.  Another  group  of  animals  were  then  thoracoto- 
mized  and  surgical  coarctations  made  at  the  same  site.   These  animals  then 
were  rendered  hyperlipemic  and  after  four  months  examined  for  intimal  lipid 
deposition.  At  necropsy  they  all  showed  a  significant  increase  in  athero- 
sclerosis above  the  coarctation  as  opposed  to  below.   We  conclude  from  this 
that  an  increase  in  endothelial  surface  permeability  secondary  to  hyperten- 
sion  is  associated  with  an  increase  in  the  atherosclerotic  process. 
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In  the  second  set  of  studies  experiments  were  designed  to  examine  the 
effect  of  Increased  surface  shearing  forces  from  the  adjacent  blood  flow 
while  holding  pressure  either  normal  or  slightly  lower  than  normal.  This  was 
accomplished  by  creating  an  arteriovenous  shunt  in  the  carotid- jugular  and 
iliofemoral  systems  of  dogs.  These  sets  of  arteries  are  paired  In  the  body 
so  that  one  artery  may  be  used  as  a  control  for  its  contralateral  artery.   In 
each  animal  the  arterial  venous  shunt  was  constructed  on  one  side  and  a  sham 
shunt  operation  performed  on  the  contralateral  control  side.  The  permeabili- 
ty of  the  endothelial  surface  of  the  artery  leading  to  the  surgical  site  in 
each  case  was  measured  after  24  hours.  All  animals  showed  an  increased  endo- 
thelial permeability  in  the  artery  leading  to  the  shunt  when  compared  to  the 
contralateral  control  artery.  Another  group  of  animals  were  subjected  to  the 
same  shunting  procedures;  however,  following  recuperation  were  rendered  hyper- 
llpemlc  and  examined  approximately  4  to  6  months  later.   In  all  animals  there 
was  an  increase  in  surface  involvement  with  atherosclerosis  on  the  artery 
supplying  the  shunt  when  compared  to  the  contralateral  control  artery.  We 
conclude  from  these  studies  that  an  increased  permeability  secondary  to  ex- 
posure to  increased  shearing  forces  from  the  blood  is  also  associated  with  an 
Increase  in  the  atherosclerotic  process. 

In  conclusion,  the  foregoing  correlations  between  increased  permeability 
and  the  development  of  atherosclerosis  have  led  us  to  conclude  that  Increased 
endothelial  surface  permeability  is  one  of  the  important  initiating  factors 
in  this  disease. 

Permeability  and  smooth  muscle  cell  proliferation. 

As  indicated  earlier  intimal  smooth  muscle  cell  proliferation  is  a  char- 
acteristic histologic  feature  of  the  lethal  atherosclerotic  plaque  and  areas 
of  increased  endothelial  cell  permeability  appear  to  correlate  with  the  sub- 
sequent development  of  the  atherosclerotic  lesion.  These  observations  sug- 
gest the  possibility  that  the  smooth  muscle  cell  proliferates  in  response  to 
an  Increased  milieu  of  plasma  substances.  This  supposition  was  examined  by 
two  sorts  of  experiments. 

The  first  were  designed  to  study  the  intimal  tissue  response  following 
the  discrete  removal  of  large  expanses  of  the  endothelial  cell  surface  in 
dogs.  A  balloon  device  was  designed  which  could  be  passed  through  a  branch 
vessel  into  the  upper  thoracic  aorta.  The  balloon  was  then  inflated  under 
controlled  conditions  such  that  the  pressure  below  the  balloon  was  maintained 
in  the  region  of  70  mm  of  mercury  while  that  above  was  of  the  order  of  200  mm 
of  mercury  mean  pressure.  This  produces  a  cylindrical  annulus  of  high  veloci- 
ty flow  In  the  space  between  the  circumference  of  the  balloon  and  the  endo- 
thelial surface.   This  procedure  was  found  to  remove  approximately  85%  of  the 
endothelial  surface  with  no  evidence  of  damage  to  other  structures:  the  base- 
ment membrane.  Internal  elastic  lamella,  and  media  were  left  intact. 

Animals  examined  24  hours  after  this  procedure  showed  an  approximately 
15-fold  increase  in  the  permeability  of  the  region  in  which  the  endothelial 
surface  had  been  removed.  Microscopic  examination  revealed  the  eroded  sur- 
face to  be  covered  with  a  thin  layer  of  fibrin,  platelets,  white  and  red 
blood  cells  to  a  depth  of  about  10  to  20  microns.   This  surface  was  found  to 
remain  stable  (no  further  thrombosis)  for  several  days. 


In  a  matter  of  a  week  or  so  the  surface  was  replaced  by  rapidly  proli- 
ferating cells  which  by  electron  microscopy  were  seen  to  be  smooth  muscle 
cells.  The  cells  appeared  to  repopulate  the  surface  by  at  least  two  modes; 
one  by  direct  migration  from  the  medial  tissue  to  the  surface  and  the  other 
by  rapid  multiplication  of  islands  of  cells  already  at  the  surface.   In  this 
manner  a  continuous  layer  of  smooth  muscle  cells  eventually  covers  the  entire 
eroded  surface.   The  cells  multiply  rapidly  as  evidenced  by  numerous  mitotic 
figures  reaching  a  depth  of  20  to  50  cells  deep.   After  about  two  months  the 
cellular  activity  in  this  layer  decreases  at  about  the  same  time  that  a  nor- 
mal endothelial  cell  layer  appears  to  grow  over  the  surface  from  adjacent 
islands  of  uneroded  tissue.   With  re-establishment  of  an  intact  endothelial 
surface  the  smooth  muscle  cell  population  gradually  decreases  resulting 
finally  in  a  slightly  thickened  intima  displaying  the  histologic  characteris- 
tics of  the  usual  fibromuscular  hyperplasia  seen  in  aging  and  diseased  aortas. 
It  is  of  considerable  interest  that  at  this  point  measurements  of  endothelial 
surface  permeability  for  albumin  has  returned  to  normal  levels  coincident 
with  the  re-establishment  of  the  normal  endothelial  surface  layer. 

One  concludes  from  the  above  that  the  endothelial  surface  normally  pro- 
vides a  very  large  barrier  to  the  transport  of  plasma  substances  into  the 
intimal  region.   If  this  barrier  is  weakened  or  damaged  thereby  increasing 
the  permeability,  the  intimal  space  becomes  exposed  to  increased  concentra- 
tions of  plasma  substances.   The  adjacent  smooth  muscle  cells  rapidly  migrate 
into  this  area  and  multiply  at  a  continuously  elevated  rate  until  plasma  sub- 
stances are  again  excluded  by  the  reappearance  of  a  normal  endothelial  sur- 
face. 

In  light  of  the  above  studies  a  second  set  of  experiments  were  designed 
to  attempt  to  identify  the  substance  or  substances  in  the  plasma  responsible 
for  this  trophic  stimulus  on  the  smooth  muscle  cells. 

Tissue  culture  techniques  were  set  up  using  the  facilities  in  the  Labora- 
tory of  Cellular  Metabolism.   Aortic  medial  cells  from  the  dog,  guinea  pig, 
human  and  swine,  were  successfully  grown  in  culture.   For  technical  reasons 
the  swine  line  of  cells  has  been  used  mostly  this  year.   These  are  grown 
either  in  swine  serum  or  fractions  thereof.   Electron  microscopy  has  con- 
firmed that  these  cell  lines  are  indeed  smooth  muscle  cells.  Moreover,  sero- 
tonin was  shown  to  provoke  a  5-fold  increase  in  cyclic  GMP,  a  response  typi- 
cal of  smooth  muscle  cells  from  other  tissues,  for  example  gut,  uterus  and 
intact  blood  vessels. 

Cell  growth  was  observed  to  be  stimulated  significantly  by  a.  least  4 
serum  factors  in  addition  to  the  essential  nutrients.   Low  density  lipopro- 
teins from  either  normolipemic  or  hyperlipemic  swine  significantly  increased 
the  rate  of  cell  multiplication.   Very  low  density  lipoprotein  fractions  from 
hyperlipemic  swine,  but  not  from  normolipemic  swine,  also  were  shown  to  be  a 
growth  stimulant,  perhaps  because  of  the  B-VLD  present  only  in  the  hyperlipe- 
mic animal.   Cell  growth  was  also  stimulated  by  a  platelet  dependent  growth 
factor  of  molecular  weight  greater  than  15,000,  a  factor  which  has  also  been 
described  by  Ross.   Finally,  there  appeared  to  be  a  dialyzable  platelet  fac- 
tor of  molecular  weight  less  than  5,000.   This  substance  appears  to  have  an 
even  greater  trophic  effect  on  smooth  muscle  cell  growth  than  the  above  fac- 
tors.  The  nature  of  this  low  molecular  weight  substance  is  currently  under 
investigation. 
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These  tissue  culture  studies  fit  well  with  the  In  vivo  observations 
cited  above.  I.e.  Intimal  smooth  muscle  cell  proliferation  occurs  in  areas  of 
Increased  endothelial  permeability  and  particularly  in  areas  of  endothelial 
cell  erosion. 

Lipoproteins  in  the  development  of  atherosclerosis. 

Prior  to  this  year  most  of  our  work  on  lipoproteins  has  been  on  the  pig 
and  the  dog.   Study  of  lipoproteins  in  man,  monkey,  rabbit  and  the  rat  this 
year  have  given  us  some  new  insights.  We  have  observed  that  in  general  as 
the  serum  cholesterol  rises  In  a  given  species  the  Incidence  and  extent  of 
atherosclerosis  also  rises.  Most  of  the  serum  cholesterol  in  the  monkey, 
pig,  rabbit  and  man  is  carried  in  the  low  density  lipoproteins;  whereas,  in 
the  dog  and  rat  most  of  the  cholesterol  is  carried  in  the  high  density  lipo- 
proteins. Man,  monkey,  pig  and  rabbit  will  develop  hypercholesterolemia  sim- 
ply by  including  more  cholesterol  in  the  diet.  Accordingly  the  Increase  In 
serum  cholesterol  is  reflected  by  an  Increase  in  cholesterol  content  of  the 
low  density  lipoprotein  fractions.  As  mentioned  this  event  is  followed  by  an 
increased  development  of  atherosclerosis. 

The  dog  and  rat  develop  a  significant  hypercholesterolemia  only  under 
extreme  dietary  conditions  and  usually  then  only  with  the  induction  of  hypo- 
thyroidism. Under  these  conditions  there  Is  a  shift  in  the  cholesterol 
carrying  lipoproteins  from  the  high  density  to  certain  low  density  lipopro- 
tein fractions.   Interestingly,  evidence  is  mounting  that  it  is  at  this 
point  in  the  experimental  period  that  these  two  species  begin  to  develop 
their  atherosclerosis. 

Thus  it  appears  that  an  atherogenic  factor  is  associated  in  all  species 
with  the  appearance  of  certain  low  density  cholesterol  carrying  lipoproteins. 
The  structural  characteristics  of  these  low  density  lipoproteins  are  under 
current  Intensive  study  in  this  laboratory.  When  the  identity  of  these 
atherogenic  proteins  or  factors  is  established,  then  it  will  be  possible  to 
design  studies  to  give  greater  Insight  into  their  anabolism,  catabollsm  and 
transport  in  arterial  tissues.  Many  of  the  methods  that  have  been  developed 
to  accomplish  this  were  detailed  in  last  year's  annual  report. 

Concluding  remarks. 

The  evidence  presented  above  and  in  previous  annual  reports  support  the 
working  hypothesis  presented  at  the  beginning  of  this  report,  namely  that 
animal  smooth  muscle  cell  proliferation  and  catabollsm  of  certain  low  densit;'' 
lipoproteins  occur  in  regions  of  Increased  endothelial  cell  permeability  in 
response  to  the  associated  increase  in  the  concentration  of  plasma  sub- 
stances in  the  intimal  milieu.  Much  of  our  activity  over  the  ensuing  few 
years  will  be  directed  toward  setting  each  of  these  observations  on  a  firmer 
and  more  detailed  footing.  There  have  been,  and  will  continue  to  be,  a  num- 
ber of  administrative  problems  hindering  these  pursuits.  Three  areas  aro 
of  particular  concern  to  us. 

The  cornerstone  of  this  program  is  the  experimental  model.  The  large 
number  of  animals  that  have  been  required,  and  will  continue  to  be  required- 
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are  very  expensive.   They  are  expensive  both  to  purchase,  since  they  should 
be  of  genealogically  documented  stock,  and  to  feed,  since  the  cost  of  choles- 
terol, various  purified  diets  and  the  labor  to  administer  them  has  soared. 
Ideally  all  of  our  experimental  colonies  should  be  held  at  NIH  in  proximity 
to  the  investigators  here.   Facilities  have  been  inadequate  for  this  and, 
therefore,  it  has  been  necessary  to  contract  for  these  services.  This  has 
been  costly  and,  because  of  the  lack  of  proximity,  has  been  somewhat  diffi- 
cult to  supervise. 

Our  tissue  culture  work  which  is  being  carried  out  in  the  facilities 
of  another  group,  must  also  be  done  on  contract  this  next  year  since  we  will 
have  neither  the  space  nor  personnel  to  continue.  Whether  carried  out  here 
or  at  another  laboratory  these  studies  will  also  be  expensive.   They  must  be 
expanded  to  include  the  monkey,  dog  and  man.   New  and  innovative  techniques 
must  be  developed  to  study  not  only  factors  that  influence  the  trophic  re- 
sponses of  smooth  muscle  cells  but  also  the  chemical  and  physical  factors 
controlling  cell  organization,  mobility  and  f ibrogenesis.   We  must  develop 
new  approaches  in  tissue  culture  technology  to  design  the  special  studies 
necessary  to  understnad  better  the  behavior  of  the  cell  in  its  normal  inti- 
mal  milieu  where  it  is  exposed  to  a  variety  of  energy  gradients  that  are  not 
present  in  the  conventional  culture  flask. 

Finally  the  use  of  computer  processing  will  greatly  increase  as  the 
scanning  techniques  for  the  measurement  of  endothelial  surface  permeability 
and  intimal  lipid  deposition  described  earlier  are  developed  further  and 
extended  to  other  applications.   Until  now  the  hardware  and  software  for 
this  purpose  have  been  developed  in  this  laboratory  and  the  data  processing 
carried  out  in  the  computer  facility  on  the  11th  floor  of  building  10.   Con- 
sequently the  cost  has  remained  "hidden."  In  recent  months  our  program  has 
required  computer  time  in  excess  of  24  hours  a  week.   Since  these  require- 
ments are  continuing  to  grow,  it  is  likely  that  the  above  facility  will  soon 
be  saturated.   We  will  need  to  consider  placing  the  11th  floor  facility  on  a 
24-hour  basis  (rather  than  its  current  8-hour  basis)  or  consider  setting  up 
our  own  hi^ h  speed  special  purpose  computer  to  meet  the  expanding  demands. 
These  3  ma;  or  problems  must  be  faced  and  resolved  over  ensuing  months  if  the 
momentum jof  our  scientific  program  is  to  be  maintained. 
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Project  Description: 

Objective:  1)  To  continue  development  of  an  organ  support  system  for  the 
in  vitro  study  of  arterial  transvascular  transport  mechanics.   2)  To 
study  the  effect  of  various  chemical  milieu  and  physiologically  active 
agents  on  altering  the  barrier  to  the  transport  of  various  plasma  protein 
components  across  the  vascular  Interface  into  the  wall. 

Methods  Employed:  A  detailed  description  of  the  instrumentation  and  metho- 
dology which  has  been  developed  in  this  laboratory  for  studying  a  physio- 
logically viable  arterial  preparation  under  controlled  conditions  was 
described  in  last  year's  report  Serial  No.  NHLI-253.  Briefly,  the 
methodology  has  been  developed  to  permit  study  of  select  areas  of  the 
opened  vascular  interface  in  a  controlled,  chemical,  thermal  and  mechani- 
cal milieu. 

Major  Findings:  Tissues  studied  in  the  above  system  have  been  found  to 
remain  viable  by  both  physiological  and  ultrastructural  criteria  for  at 
least  two  hours  and  with  provision  for  profusion  of  the  adventitial  sur- 
face of  the  vessel  and  refreshment  of  the  milieu  in  contact  with  the 
endothelial  surface  should  be  viable  for  periods  in  excess  of  8  to  12 
hours.  Factors  altering  the  conductance  of  the  vascular  Interface  to 
macromolecules  such  as  albumin  have  been  evaluated  by  calculating  the 
upper  limit  of  the  coefficient  of  permeability  for  this  surface  as  de- 
scribed in  the  reference  cited  below.   Factors  found  to  greatly  increase 
Interfacial  permeability  are:   1)  subtle  mechanical  injury,  2)  tempera- 
tures in  excess  of  40  C,  3)  stretching  the  surface  in  excess  of  an  elong- 
ation of  "2",  4)  exposing  the  surface  to  saline,  5)  exposure  to  certain 
foreign  proteins,  6)  brief  exposure  to  air,  7)  exposure  to  solutions 
containing  very  low  calcium-ion  concentration  and  8)  exposure  to  various 
polar  solvents.  Moderate  Increases  in  Interfacial  permeability  result 
from  exposure  of  concentrations  of  1)  epinephrine,  2)  noradrenalin,  ari 
3)  histamine  at  levels  approximately  one  order  of  magnitude  above  "physio- 
logic" level.  Agents  such  as  serotonin,  adenosine  diphosphate  do  not 
appear  to  be  effective.  Alterations  in  the  oncotic  pressure  of  the 
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bathing  milieu  by  as  much  as  25%  also  do  not  appear  to  Increase  the 
permeability. 

The  permeability  of  the  vascular  interface  appears  to  be  "protected"  by 
autologous  plasma  and  serum,  whereas,  a  purified  albumin  in  Dulbecco's 
balanced  buffered  saline  solution  having  the  same  ionic  strength  and  on- 
cotic properties  does  not  seem  to  have  this  protective  influence.   The 
upper  limit  of  the  permeability  coefficient  of  the  vascular  interface 
for  albumin  is  of  the  order  of  5  x  10  °  cm/second. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute:  An 
in  vitro  technique  has  been  developed  in  which  the  transendothellal 
transport  processes  of  arterial  tissue  can  be  studied  under  controlled 
mechanical,  thermal  and  chemical  conditions  for  periods  of  at  least  two 
hours  and  probably  considerably  longer  with  continuous  refreshment  of  the 
milieu  and  the  purging  of  the  adventitial  surface.   This  degree  of  ex- 
perimental control  is  not  possible  in  the  in  vivo  situation  and,  there- 
fore, this  new  methodology  opens  many  new  avenues  for  studying  transport 
mechanics  otherwise  not  available.   Evidence  described  elsewhere  from  this 
laboratory  strongly  suggests  that  Increased  interfacial  permeability  is 
one  of  the  central  factors  in  the  atherogenic  process.   Therefore,  this 
new  methodology  should  lead  to  important  new  insights  in  this  disease 
process. 

Proposed  Course  of  this  Project:   The  above  device  will  be  further  developed 
so  that  the  studies  may  be  carried  on  for  extended  periods  of  time  to  per- 
mit evaluation  of  transport  processes  of  substances  having  very  low  trans- 
vascular  permeability  such  as  lipoproteins.   The  studies  described  above 
in  which  a  number  of  vasoactive  substances  have  been  screened  for  their 
activity  will  be  continued.   These  must  be  evaluated  on  a  quantitative 
basis  in  view  of  their  potential  atherogenic  activity,  e.g.  angiotension, 
catecholamines,  divalent  cations,  f ibrinolysin,  various  proteases,  li- 
pases, hyaluronidase,  chondroitenase,  neuraminidase,  etc.   The  transport 
mechanics  of  various  plasma  proteins,  including  lipoproteins  using  newly 
developed  individual  apoprotein  tags  and  lipid  tags  will  be  explored. 

Honors  and  Awards: 

Invited  to  give  lecture  on  "Hemodynamic  Factors  and  Their  Possible  Role  in 
Atherogenesis"  at  the  College  of  Medicine,  University  of  Utah;  keynote 
speaker  on  "The  Response  of  the  Vascular  Interface  to  Various  Physical 
Factors"  at  the  "Sixth  Symposium  on  Arterial  Metabolism  Research"  at  Bos- 
ton University;  invited  speaker  at  symposium  on  "The  Hemodynamic  Basis  of 
Atherosclerosis"  and  presented  talk  entitled  "Certain  Arterial  Wall  Re- 
sponses to  Altered  Hemodynamics"  at  N.Y.  University  Medical  Center;  in- 
vited to  chair  a  session  on  the  "Sequelae  of  Hypertension"  at  the  Roche 
Institute  of  Molecular  Biology,  and  give  lecture  entitled  "Relationship  of 
Endothelial  Permeability  to  Hemodynamic  Forces." 
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Publications : 


Fry,  D.L.:  Responses  of  the  Arterial  Wall  to  Certain  Physical  Factors. 
In  Atherogenesis:   Initiating  Factors,   ed.  R,  Porter.  Associated 
Scientific  Publishers,  Amsterdam,  1973,  93-125. 
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Project  Title:  Animal  models  for  study  of  atherosclerosis 

Previous  Serial  Numbers:  NHLI-250,  NHLI-251,  NHLI-252,  and  DRS-DRB-1 

Principal  Investigator:   Donald  L.  Fry,  M.D. 

Other  Investigators:  Robert  W.  Mahley,  M.D.,  Ph.D.,  Victor  J.  Ferrans,  M.D., 
Ph.D.,  Joseph  E.  Pierce,  DVM,  and  David  K.  Johnson,  DVM 

Cooperating  Units:   Section  on  Pathology,  NHLI;  Section  on  Laboratory  Animal 
Medicine  and  Surgery,  NHLI;  Veterinary  Resources  Branch, 
Division  of  Research  Services;  University  of  Missouri; 
and  Colorado  State  University 

Project  Description: 

Objective:   To  develop  a  variety  of  animal  models  for  the  comparative  study 
of  atherosclerosis. 

Methods  Employed:   The  animal  models  which  we  have  studied  in  varying  detail 
have  been  the  monkey,  pig,  dog,  rabbit,  and  rat.   The  experimental  condi- 
tions under  which  the  pathologic  processes  in  these  animals  can  be  made 
to  resemble  those  in  man  have  been  detailed  in  previous  project  reports, 
including  those  referenced  above,  and  therefore  will  not  be  described  in 
detail  here.   Briefly,  the  disease  may  be  induced  in  the  rabbit,  pig,  and 
monkey,  simply  by  elevating  the  cholesterol  content  of  the  diet;  whereas 
disease  can  be  induced  in  the  dog  and  rat  to  a  comparable  extent  only  if 
hypothyroidism  is  also  induced. 

Blood  chemistries,  including  detailed  lipoprotein  studies,  are  monitored 
during  the  experimental  period.   At  termination  each  animal  is  examined  in 
detail  using  the  standardized  necropsy  procedure  as  described  previously. 
Major  Findings:   The  disease  processes  in  dog,  pig  and  monkey  have  many 
features  which  are  strikingly  similar  to  that  in  man.   The  topographic 
distribution  of  the  lesions  were  analyzed  and  found  to  have  a  predilection 
for  the  sinuses  of  Valsalva,  coronary  entrances,  entrances  to  the  head 
vessels,  major  abdominal  aortic  orifices,  lower  abdominal  trifurcation 
area,  and  the  lllo-femoral  system.   The  topographic  distribution  of  lesions 
in  all  species  formed  a  relatively  characteristic  and  predictable  pattern 
similar  to  that  in  man.   Microscopic  analysis  showed  early  disease  to  be 
characterized  by  fatty  streaking  with  only  moderate  intimal  f ibromuscular 
hyperplasia;  whereas  with  longer  duration  of  elevated  serum  lipids  marked 
intimal  fibromuscular  hyperplasia  occurred  with  the  development  of  cell 
death,  deposition  of  extracellular  lipids  and  cholesterol  crystals.   If  the 
duration  of  hyperlipemia  was  long  enough,  complicated  disease  appeared  with 
the  formation  of  atheromatous  gruel  under  fibrotic  caps,  calcification  and 
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monocytic  infiltration.   The  complicated  disease  is  produced  most  easily 
in  monkey  and  pig,  but  with  time  also  appears  in  the  dog.   It  is  for  this 
reason  that  these  three  species  have  received  our  greatest  attention.   It 
was  also  observed  that  the  pig  and  monkey  (atherosclerosis  prone  animals) 
have  lipoprotein  patterns  very  similar  to  that  of  man.   In  contrast  the 
dog  and  rat  (two  animals  resistant  to  atherosclerosis)  have  different 
lipoprotein  patterns.   These  animals  tend  to  carry  most  of  their  choles- 
terol in  the  high  density  lipoprotein  fraction  rather  than  in  the  low 
density  fractions,   {These  latter  findings  are  pursued  in  greater  detail 
in  report  by  Mahley,  Weisgraber  and  Fry  entitled  "Changes  in  the  plasma 
lipoproteins  and  apolipoproteins  induced  by  cholesterol  feeding  in  minia- 
ture swine,  Patas  monkeys,  rats  and  rabbits,"  and  the  one  entitled 
"Characterization  of  canine  plasma  lipoproteins  in  the  normal  and  hyper- 
cholesterolemlc  animal,"} 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute:  The 
atherosclerotic  process"  is  in  fact  an  ensemble  of  processes  occurring 
at  the  cellular,  physlcochemical,  biochemical,  and  biophysical  level  in 
the  arterial  Intima.   The  purpose  of  this  program  is  to  identify  as  many 
of  these  fundamental  processes  as  possible,  establish  which  are  relevant 
to  those  in  man,  and  study  these  in  great  detail  in  the  animal  model, 
wherein  the  pertinent  variables  can  be  measured  or  controlled  with  a  rigor 
not  possible  in  man.   Study  of  these  different  animal  models  allows  us  to 
view  these  systems  of  processes  each  from  a  somewhat  different  perspective, 
thereby  affording  the  opportunity  to  develop  deeper  insight  into  this 
multidimensional  disease. 

Proposed  Course  of  the  Project:   The  pursuit  of  the  above  objectives  will 
continue  both  at  NIH  in  collaboration  with  the  above  mentioned  cooperating 
units  and  with  our  contractors  at  Missouri  and  Colorado. 

Honors  and  Awards : 

Invited  to  give  lecture  on  "Hemodynamic  Factors  and  Their  Possible  Role  in 
Atherogenesls"  at  the  College  of  Medicine,  University  of  Utah;  keynote 
speaker  on  "The  Response  of  the  Vascular  Interface  to  Various  Physical 
Factors"  at  the  "Sixth  Symposium  on  Arterial  Metabolism  Research"  at  Bos- 
ton University;  invited  speaker  at  symposium  on  "The  Hemodynamic  Basis  of 
Atherosclerosis"  and  presented  talk  entitled  "Certain  Arterial  Wall  Re- 
sponses to  Altered  Hemodynamics"  at  N.Y.  University  Medical  Center;  in- 
vited to  chair  a  session  on  the  "Sequelae  of  Hypertension"  at  the  Roche 
Institute  of  Molecular  Biology,  and  give  lecture  entitled  "Relationship  of 
Endothelial  Permeability  to  Hemodynamic  Forces." 

Publications: 

1.   Fry,  D.L.:   Responses  of  the  Arterial  Wall  to  Certain  Physical  Factors. 

In  Atherogenesls :   Initiating  Factors,   ed.  R.  Porter,  Associated  Scienti- 
fic Publishers,  Amsterdam,  1973,  93-125. 
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Mahley,  R.W.,  and  Weisgraber,  K.H, :  Canine  lipoproteins  and  athero- 
sclerosis.  I.   Isolation  and  characterization  of  plasma  lipoproteins 
from  control  dogs.  Circ.  Res,   (In  press.) 

Mahley,  R.W. ,  Weisgraber,  K.H. ,  and  Innerarity,  T. :  Canine  lipoproteins 
and  atherosclerosis.   II.   Characterization  of  the  plasma  lipoproteins 
associated  with  atherogenic  and  nonatherogenic  hyper lipidemia.   Circ. 
Res.   (In  press.) 
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Project  Title:  The  arterial  Intlmal  tissue  responses  follovd.ng  endothelial 
Injury. 

Previous  Serial  Number:  NHLI-254 

Principal  Investigator:  Donald  L.  Fry,  M.D. 

Other  Investigator:  Victor  J.  Ferrans,  M.D.,  Ph.D. 

Cooperating  Units:   Section  on  Pathology,  NHLI 

Project  Description: 

Objective:  To  study  the  physiologic  and  anatomic  changes  in  the  arterial 
wall  following  the  erosion  in  the  endothelial  surface  by  augmented  fluid 
shear  stress. 

Methods  Employed:  A  specially  designed  balloon  device  is  Inserted  through 
the  right  common  carotid  artery  into  the  aortic  arch.   It  is  then  inflat- 
ed under  controlled  conditions  such  that  the  pressure  below  the  balloon 
is  maintained  in  the  region  of  70  mm  mercury,  while  that  above  is  of  the 
order  of  200  mm  mercury  mean  pressure.  This  produces  a  cylindrical  annu- 
lus  of  high  velocity  flow  in  the  space  between  the  circumference  of  the 
balloon  and  the  endothelial  surface.  The  balloon  Is  allowed  to  be  drawn 
very  gradually  along  the  aorta  by  the  drag  forces  of  the  flow  to  the  lev- 
el of  the  diaphragm  and  then  gradually  withdrawn.  The  carotid  artery  and 
surgical  wound  are  then  closed  and  the  animal  allowed  to  recuperate.  The 
animals  are  then  returned  at  various  points  in  time  for  studies  of  vascu- 
lar permeability  by  using  the  Evans  blue-albimiin  tagging  technique  for 
careful  microscopic  and  electron  microscopic  examination. 

Major  Findings:  Animals  returned  in  24  hours  show  that  approximately  80  to 
85%  of  the  endothelial  surface  in  the  descending  thoracic  aorta  Is  re- 
moved or  damaged  by  the  above  maneuver.  The  permeability  of  the  vascular 
interface  in  areas  of  damage  is  increased  some  10  to  15  fold  over  non- 
injured  areas.  Histologic  examination  reveals  that  in  the  areas  of  ero- 
sion there  is  discrete  removal  of  the  endothelial  calls;  the  basement 
membrane  and  media  remain  intact.  The  eroded  is  covered  with  a  thin  layer 
of  fibrin,  platelets,  white  and  red  blood  cells,  to  a  depth  of  10  to  20 
microns.   The  surface  remains  stable  (no  further  thrombosis)  for  days  or 
weeks  at  which  time  it  is  gradually  replaced  by  modified  "smooth  muscle 
cells".  The  cells  appear  to  repopulate  the  surface  by  at  least  2  mc-'ps: 
One  is  by  direct  migration  from  the  medial  tissue  to  the  surface   i   r 
other  by  rapid  multiplication  of  islands  of  cells  already  on  the  f  '  ■"  ice 
In  this  manner  a  continuous  layer  of  modified  smooth  muscle  cells  event- 
ually covers  the  eroded  surface.   The  cells  multiply  rapidly  as  evidenced 
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by  numerous  mitotic  figures.  The  axes  of  these  smooth  muscle  cells  ap- 
pear to  line  up  with  the  longitudinal  axis  of  the  blood  vessel.  This 
layer  of  smooth  muscle  cells  may  reach  a  depth  of  40  to  50  cells  deep. 
After  about  two  months  the  cellular  activity  in  this  layer  decreases  at 
about  the  same  time  that  a  normal  endothelial  cell  layer  appears  to  grow 
over  the  interface  from  adjacent  uneroded  areas.  The  cell  population 
gradually  decreases  with  the  appearance  of  fine  connective  tissue  ele- 
ments resulting,  finally,  in  a  moderately  thickened  intima  displaying  all 
of  the  histologic  characteristics  of  the  usual  fibromuscular  hyperplasia 
seen  in  aging  and  diseased  aortas.  At  this  point  the  permeability  of  the 
vascular  Interface  for  albumin  becomes  greatly  reduced  suggesting  that  it 
Is  associated  with  the  re-establishment  of  a  normal  endothelial  surface 
layer. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute:  The 
atherosclerotic  process  is  classically  characterized  by  fibromuscular 
hyperplasia  and  lipid  deposition.  The  sequence  of  events  leading  to  this 
thickened  intima  are  not  understood.   The  topography  of  intimal  prolifera- 
tive processes  in  the  diseased  state  frequently  corresponds  to  areas  that 
may  have  been  exposed  to  increased  mechanical  stress  and/or  injury.   If 
the  mechanisms  of  these  naturally-occurring  processes  in  this  important 
disease  are  to  be  understood,  it  is  essential  that  we  understand  in  great- 
er detail  the  factors  inducing  and  controlling  the  reparative  processes 
occurring  in  the  vascular  interface. 

Proposed  Course  of  the  Project:  The  above  has  generated  large  amounts  of 
electron  microscopic  material  which  is  still  in  the  process  of  processing 
and  review  and  will  not  be  finished  for  a  number  of  months  yet.   A  number 
of  long-term  animals  have  been  prepared  and  are  being  held  to  study  the 
long  range  effects  of  endothelial  injury.   New  studies  will  be  begun  in 
which  the  same  type  of  preparation  will  be  studied  in  the  presence  of  in- 
duced hyperlipemia  so  that  we  may  gain  a  deeper  insight  into  these  re- 
parative processes  in  the  face  of  intimal  lipid  deposition. 

Honors  and  Awards: 

Invited  to  give  lecture  on  "Hemodynamic  Factors  and  Their  Possible  Role 
in  Atherogenesis  at  the  College  of  Medicine,  University  of  Utah;  keynote 
speaker  on  "The  Response  of  the  Vascular  Interface  to  Various  Physical 
Factors"  at  the  "Sixth  Symposium  on  Arterial  Metabolism  Research"  at  Bos- 
ton University;  invited  speaker  at  symposium  on  "The  Hemodynamic  Basis  of 
Atherosclerosis"  and  presented  talk  entitled  "Certain  Arterial  Wall  Re- 
sponses to  Altered  Hemodjmamics"  at  N.Y.  University  Medical  Center;  invited 
to  chair  session  on  the  "Sequelae  of  Hypertension"  at  the  Roche  Institute 
of  Molecular  Biology,  and  give  lecture  entitled  "Relationship  of  Endothe- 
lial Permeability  to  Hemodynamic  Forces." 
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Publications : 


Fry,  D.L.:   Responses  of  the  Arterial  Wall  to  Certain  Physical  Factors. 
In  Atherogenesis !   Initiating  Factors,   ed.  R.  Porter.  Associated 
Scientific  Publishers,  Amsterdam,  1973,  93-125. 
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Project  Title:   The  relationship  of  arterial  intimal  Evans  blue  dye  concen- 
tration to  surface  reflectance  and  light  absorption 

Previous  Serial  Number:  None 

Principal  Investigator:  Donald  L.  Fry,  M.D. 

Other  Investigators:  None 

Cooperating  Units:  None. 

Project  Description: 

Objective:  To  establish  the  relationship  between  the  concentration  of  Evans 
blue  dye  in  the  vascular  interface  and  the  absorption  of  red  light. 

Methods  Employed:  A  special  reflectance  measuring  system  was  designed  and 
constructed,  such  that  opened  vessel  surfaces  could  be  viewed  under  uni- 
form illumination  through  a  lens  system  on  a  large  glass  screen.  A  small 
aperture  In  the  center  of  this  screen  led  to  the  sensing  surface  of  a 
photomultiplier  tube.  Appropriate  light  filters  could  be  Inserted  in 
this  light  path  as  appropriate.   The  opened  vessel  surfaces  were  held  in 
a  specially  designed  servo-motor-driven  tray  submerged  in  saline,  both  to 
act  as  a  metabolic  supporting  milieu  for  the  vessel  surface,  as  well  as 
providing  a  nonreflecting  optical  coupling  to  the  photo-sensing  system. 
Various  regions  of  the  vessel  surface  could  then  be  maneuvered  by  the 
operator  under  visual  control  such  that  a  very  small  region  on  the  vessel 
surface  could  be  placed  under  the  aperture  in  the  screen.  With  a  Wratten 
29  filter  in  the  light  path  it  was  possible  to  measure  the  amount  of  red 
light  that  is  absorbed  and  reflected  from  the  vessel  surface  In  comparison 
to  various  standards.   The  absorption  spectra  of  Evans  blue  dye  in  this 
band  of  wave  lengths  is  very  high.   By  staining  various  regions  on  the 
vessel  surface  to  varying  depths  it  was  possible  to  establish  a  monotonic 
relationship  between  the  amount  of  dye  present  and  the  amount  of  light 
absorbed. 

Major  Findings:   It  was  found  that  the  concentration  of  Evans  blue  dye  in 
the  vascular  Intima  bears  an  approximately  logarithmic  relationship  to  the 
amount  of  light  absorbed.  As  given  by  c  =  k, p  +  k_p  .  Where  c  is  the 
surface  concentration  in  n-moles/cm^,  p  is  the  negative-natural  logarithm 
of  the  ratio  of  the  reflected  light  in  the  presence  of  Evans  blue  dye  to 
the  reflected  light  at  the  same  site  in  the  absence  of  Evans  blue  dye. 
The  constants  k^  and  k-  were  found  to  be  2.90  and  0.79,  respectively. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  When 
Evans  blue  dye  is  injected  intravenously  into  an  animal  virtually  all  of 
the  dye  becomes  bound  to  serum  albumin.   Knowing  the  molar  ratio  of  Evans 
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blue  dye  to  albumin  permits  the  use  of  Evans  blue  dye  as  a  measurable 
visual  tag  for  albumin.   The  degree  of  blue  staining  of  the  vascular 
Interface,  therefore,  represents  a  measure  of  the  amount  of  albumin  which 
has  crossed  the  endothelial  surface  into  the  intima.  Measurement  of  the 
amount  of  Evans  blue  dye  in  the  intima  can  thus  be  used  as  a  measure  of 
the  permeability  of  the  vascular  interface  for  albumin.   There  is  mount- 
ing evidence,  both  in  this  laboratory  and  elsewhere,  that  the  atheroscler- 
otic process  is  greatly  enhanced  in  regions  of  increased  permeability. 
The  ability  to  quantify  the  topography  of  permeability  in  the  opened  vas- 
cular Interface  with  this  relatively  simple  reflectometric  scanning  tech- 
nique opens  many  new  areas  in  the  study  of  atherogenesis  heretofore  closed. 
Proposed  Course  of  the  Project:   This  methodology  will  be  applied  first  to 
studies  designed  to  quantify  the  correlation  between  the  topography  of 
vascular  permeability  and  the  topography  of  the  atherosclerotic  lesions 
in  animals.   The  second  major  area  of  application  will  be  to  quantify  the 
permeability  changes  that  occur  with  various  altered  hemodynamic  events 
known  also  to  be  related  to  an  Increased  atherosclerotic  process. 

Honors  and  Awards:  None. 

Publications : 

Fry,  D.L. :   Responses  of  the  Arterial  Wall  to  Certain  Physical  Factors. 
In  Atherogenesis :   Initiating  Factors,   ed.  R.  Porter.  Associated 
Scientific  Publishers,  Amsterdam,  1973,  93-125. 
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Project  Title:  Lipoprotein  lipase  associated  with  the  aortic  endothelium 

Previous  Serial  Number:  NHLI-260 

Principal  Investigator:  Robert  W.  Mahley,  M.D.,  Ph.D. 

Other  Investigators:  Donald  L,  Fry,  M.D, 

Cooperating  Units:  None 

Project  Description: 

Objective:  To  determine  if  a  lipoprotein  lipase  is  associated  with  the 
aortic  endothelivmi. 

Methods  Employed:  We  have  demonstrated  that  a  triglyceride  lipase  is  re- 
leased from  the  aorta  by  incubating  plasma  plus  heparin  on  the  surface  of 
a  dog  thoracic  aorta  using  the  in  vitro  transport  technique  described  by 
Dr.  D.  L.  Fry.  Quantitation  of  the  aortic  lipase  is  performed  using  the 
lipase  assay  technique  established  by  the  Molecular  Disease  Branch  of  the 
National  Heart  and  Lung  Institute  with  the  assistance  of  Dr.  Ronald  M. 
Krauss.   Electron  microscopic  histochemical  localization  of  the  site  of 
enzyme  activity  is  being  investigated  using  the  procedure  described  by 
Blanchet-Mackie  and  Scow  with  purified  canine  plasma  lipoproteins  as  the 
substrate. 

Major  Findings:  A  lipoprotein  triglyceride  lipase  is  associated  with  the 
aortic  endothelial  cells  and  subendothelial  space.   It  acts  upon  both 
VLDL  and  chylomicrons.   Further  characterization  of  the  lipase  is  being 
carried  out. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
Identification  of  a  lipoprotein  lipase  associated  with  the  aortic  endo- 
thelium suggests  that  certain  plasma  lipoproteins  (VLDL  and  chylomicrons) 
may  be  hydrolyzed  prior  to  transport  across  the  aortic  wall.   These  meta- 
bolic products  may  be  Important  in  the  genesis  of  atherosclerosis. 

Proposed  Course  of  the  Project:   This  project  is  discontinued. 
Honors  and  Awards :  None . 

Publications:  None. 
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Project  Title:  Aortic  metabolism  of  plasma  lipoproteins 

Previous  Serial  Number:  NHLI-258 

Principal  Investigator:  Robert  W.  Mahley,  M,D.,  Ph.D. 

Other  Investigators:  Donald  L.  Fry,  M.D. 

Cooperating  Units:  None. 

Project  Description: 

Objective:  To  determine  1)  which  classes  of  plasma  lipoproteins  are  in- 
volved in  aortic  transport;  2)  whether  these  lipoproteins  are  trans- 
ported as  intact  macromolecules  or  hydrolyzed  at  the  surface  and  compo- 
nents transported  separately;  3)  the  fate  of  the  lipoprotein  components 
metabolized  by  the  aorta. 

Methods  Employed:  The  in  vitro  transport  method  (described  by  Dr.  D.  L. 
Fry)  Is  used  to  study  aortic  endothelial  transport  of  the  plasma  lipo- 
proteins under  controlled  conditions.  Presently  the  dog  is  being  used 
as  the  experimental  model  but  we  will  soon  extend  this  to  the  miniature 
swine  as  well.  The  components  of  canine  plasma  lipoproteins  (VLDL,  LDL, 
HDL^  and  HDL  )  are.labelled  with  various  radioisotopes.   Initially  we 
attempted  to  use    I  as  our  protein  tag.  ^%%t^   exhaustive  studies  we 
conclude  that  it  is  impossible  to  limit  the    I  to»the  protein  moieties 
and  variable  amounts  of  lipids  are  labelled.   The    I  lipid  label  is  un- 
stable. We  are  now^able  to  label  the  protein  moieties  of  the  canine 
lipoproteins  with   S-methionine-in  vivo.  At  the  same, time  we  are  able 
to  label  the  phospholipids  with   P  orthophosphate.    C-cholesteryl- 
esters  and  H-free  cholesterol  moieties  of  these  lipoproteins  are  labelled 
in  vitro  by  the  exchange  method  of  Avigan.  Uptake  of  label  and  the  meta- 
bolism of  the  lipoproteins  are  followed  by  analysis  of  changes  in  the  in- 
cubation media,  examination  of  the  aorta  by  direct  isotope  counting 
following  oxygen  combustion  (as  described  in  a  separate  project  report) 
and  by  light  and  electron  microscopic  autoradiography. 

Major  Findings:  Preliminary  findings  indicate  the  feasibility  of  this 
approach  to  the  study  of  aortic  endothelial  transport  and  metabolism  of 
plasma  lipoprotein.   Studies  using    I-labelled  lipoproteins  indicate 
that  all  the  lipoproteins  are  transported  across  the  aorta  in  measurable 
amounts  in  as  short  a  period  as  80  ninutes.   The  mode  of  transport  and  a 
quantitative  comparison  of  the  classes  of  lipoproteins  is  to  be  deter 
mined. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute:   It 
is  agreed  by  most  that  1)  cholesterol  within  atheromata  is  derived  large- 
ly from  plasma  lipoproteins  and  that  2)  plasma  lipoproteins  can  be 
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detected  within  the  same  lesions.  However,  the  mode  of  transport  and  the 
quantitative  significance  of  lipoproteins  in  the  lesions  are  far  from 
clear.   Serious  questions  remain  as  to  whether  the  lipoproteins  cross 
the  endothelial  surface  intact  or  whether  then  are  hydrolyzed  at  the 
surface  with  only  some  of  the  components  entering  the  tissue.   Our  in 
vitro  approach  to  this  problem  should  shed  light  on  this  most  difficult 
problem  of  atherosclerosis  research  as  well  as  add  to  our  knowledge  of 
lipoprotein  metabolism. 
Proposed  Course  of  the  Project:  The  project  will  be  continued  along  the 
lines  indicated  above.   It  will  also  be  extended  to  the  miniature  swine 
and  nonhuman  primates  for  comparative  studies. 

Honors  and  Awards:  None. 

Publications:  None. 
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Project  Title:  Characterization  of  canine  plasma  lipoproteins  in  the  normal 
and  hypercholesterolemic  animal 

Previous  Serial  Number:  NHLI-259 

Principal  Investigator:  Robert  W.  Mahley,  M.D.,  Ph.D. 

Other  Investigators:  Karl  H.  Weisgraber,  Ph.D. 
Donald  L.  Fry,  M.D. 

Cooperating  Units:  None 

Project  Description: 

Objective:  To  isolate  well-defined  classes  of  lipoproteins  from  normal  and 
hyperlipidemic  dogs  and  to  characterize  these  lipoproteins  with  respect 
to  their  physical  and  chemical  properties. 

Methods  Employed:  Unlike  the  lipoproteins  of  most  species,  dog  lipopro- 
teins cannot  be  separated  into  pure  classes  strictly  on  the  basis  of 
flotation  by  ultracentrifugation.  We  have  found  that  preparative  Geon- 
Pevikon  block  electrophoresis  is  necessary  to  purify  the  5  classes  of 
canine  lipoproteins.  The  purified  lipoproteins  were  characterized  with 
respect  to  electrophoretic  mobility,  iiranunochemical  reactivity,  size  by 
electron  microscopy,  chemical  composition  and  apoproteins.   The  lipopro- 
teins of  stock  fed  vs  hypothyroid,  high  cholesterol  fed  dogs  are  being 
compared.   The  apoproteins  are  isolated  and  purified  by  Sephadex  and  DEAE 
column  chromatography.  Analyses  of  the  apoproteins  include  amino  acid 
analysis,  N-  and  C-terminal  amino  acids,  molecular  weight,  ORD  and  CD 
spectra. 

Major  Findings:   Canine  plasma  lipoproteins  are  separated  into  5  distinct 
classes.   We  have  found  that  the  dog  has  lipoproteins  which  are  equivalent 
to  human  chylomicrons,  VLD,  LDL  and  HDL.   In  addition,  dogs  have  a  unique 
lipoprotein  referred  to  as  HDL^ .  HDL^  is  an  a  migrating  lipoprotein  which 
floats  at  a  lower  density  than  normally  ascribed  to  HDL's.  However,  by 
immunochemistry  and  apoprotein  analysis  it  is  closely  related  to  HDL.  In- 
duction of  hyperlipemia  by  hypothyroidism  and  fat  feeding  causes  dramatic 
changes  in  the  plasma  lipoproteins.  All  of  the  dogs  on  the  high  fat  diet 
became  hypercholesterolemic  but  only  about  half  of  them  develop  athero- 
sclerosis. We  have  found  that  these  dogs  can  be  divided  into  2  groups  - 
hyporesponders  which  develop  cholesterol  in  the  range  200-700  mg  %  and  do 
not  develop  disease,  and  hyperresponders  which  have  cholesterol  >  700  mg 
%  and  develop  florid  atherosclerosis  in  4  months.  The  increased  choles- 
terol in  the  hyporesponders  is  transported  primarily  by  the  HDI.  and  to  a 
lesser  extent  by  LDL  whereas  in  the  hyperresponders  the  increased  choles- 
terol is  transported  almost  entirely  in  d  <  1.006  ultracentrifugal 
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fraction  which  contains  a  beta  migrating  lipoprotein  equivalent  to  the 
B-VLDL  of  human  type  III  hyperlipoproteinemia.  Apoprotein  analysis 
demonstrates  that  this  lipoprotein  is  rich  in  the  arginine-rich  protein 
similar  to  that  described  for  the  B-VLDL  of  Type  III. 
Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute:  The 
development  of  the  methodology  for  isolation  and  purification  of  canine 
lipoprotein  from  normal  and  hypercholesteroleaic  animals  will  allow  us  to 
study  the  aortic  endothelial  transport  of  these  various  lipoproteins. 
Characterization  of  canine  lipoproteins  and  their  comparison  to  human 
lipoproteins  is  essential  in  relating  the  transport  of  canine  lipoproteins 
to  similar  problems  in  human  atherosclerosis. 

Honors  and  Awards:  None. 

Publications : 

1.  Mahley,  R.W. ,  and  Weisgraber,  K.H. :  Canine  lipoproteins  and  athero- 
sclerosis.  I.   Isolation  and  characterization  of  plasma  lipoproteins 
from  control  dogs.  Circ,  Res.   (In  press). 

2.  Mahley,  R.W. ,  Weisgraber,  K.H.,  and  Innerarity,  T. :   Canine  Lipopro- 
teins and  Atherosclerosis.   II.  Characterization  of  the  plasma  lipo- 
proteins associated  with  atherogenic  and  non-atherogenic  hyperlipidemia . 
Circ.  Res.   (In  press). 
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Project  Title:   Simultaneous  quantitation  of   C,  H,   S  and   P  labelled 
plasma  lipoproteins  by  oxygen  combustion 

Previous  Serial  Number:  NHLI-257 

Principal  Investigator:  Robert  W.  Mahley,  M.D.,  Ph.D. 

Other  Investigators:  Karl  H.  Welsgraber,  Ph.D. 

Cooperating  Units:  None 

Project  Description: 

Objectives,  To_develop  the-methodology  to  quantltate  4  separate  radioiso- 
topes (  C,  H,   S  and   P)  in  the  same  sample.  As  described  in  the 
project  report  "Aortic  metabolism  of  plasma  lipoproteins"  it  is  neces- 
sary for  us  to  label  the  individual  components  of  the  plasma  lipoproteins 
In  order  to  determine  the  mode  of  transport  of  lipoproteins  across  the 
aortic  wall. 

Methods  Employed:  The  labelled  plasma  lipoproteins  or  a  dried  portion  of 
the  aorta  following  an  in  vitro  transport  study  are  placed  in  an  oxygen 
combustion  flask  and  ignited!   ^^S-methionlne  which  is  the  protein  tag 
and  ^^P  which  is  the  phospholipid  tag  are  converted  to  Inorganic  sulfate 
and  phosphate,  respectively.  These  Isotopes  remain  in  the  flask  and  are 
quantltated  together  by  standard  double  label  liquid  scintillation  count- 
ing. ^>The  flask  Is  heated  to  drive  off  the  tritium  in  the  form  of  ^2^ 
and   C  In  the  form  of   CO..   The   C0_  is  collected  by  bubbling  the  gas 
through  a  base  convertlig  it  to  an  Insoluble  carbonate  and  the  H„0  is 
collected  on  a  condenser  in  an  ice  bath. 

Major  Findings:  Preliminary  studies  indicate  the  feasibility  of  this  ap- 
proach.  Isotope  recovery  is  greater  than  90%  and  modifications  are  being 
made  to  increase  the  efficiency  of  the  method. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Oxygen  combustion  is  becoming  a  convenient  and  popular  method  for  isotope 
analysis.   Such  methodology  is  essential  when  dealing  with  several  iso- 
topes which  have  overlapping  energy  spectra. 

Proposed  Course  of  the  Project:  The  project  will  be  continued  along  the 
lines  Indicated  above. 

Honors  and  Awards:  None. 

Publications:  None. 
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Project  Title:  Changes  in  the  plasma  lipoproteins  and  apolipoproteins  in- 
duced by  cholesterol  feeding  in  miniature  swine,  Patas 
monkeys,  rats,  and  rabbits. 

Previous  Serial  Number:  None 

Principal  Investigator:  Robert  W.  Mahley,  M.D.,  Ph.D. 

Other  Investigators:  Karl  H.  Weisgraber,  Ph.D.,  Donald  L.  Fry,  M.D. 

Cooperating  Units:  Bryan  Brewer,  M.D.,  Gerd  Assmann,  M.D.,  Molecular  Disease 
Branch,  NHLI 

Project  Description: 

Objectives:  1)  To  characterize  the  lipoproteins  and  apoproteins  from 
normal  miniature  swine,  Patas  monkeys,  rats,  and  rabbits,  and  to  compare 
these  to  changes  induced  by  cholesterol  feeding.   2)  To  correlate  the 
type  of  hyperlipoproteinemia  with  the  type  and  degree  of  atherosclerosis. 

Methods  Employed:   The  various  animal  species  indicated  above  are  fed  diets 
which  contain  0.5  to  2.0%  cholesterol.   Isolation  of  the  plasma  lipopro- 
teins is  accomplished  by  the  combination  of  ultracentrifugation  and  Geon- 
Pevikon  block  electrophoresis.  Various  physical  and  chemical  properties 
for  each  purified  lipoprotein  are  determined.   The  apoprotein  moieties 
are  isolated  and  purified  after  delipidation  by  the  combination  of  Sepha- 
dex  and  DEAE  column  chromatography.   Characterization  of  the  apoproteins 
includes  amino  acid  analysis,  N-  and  C-  terminal  amino  acids,  molecular 
weight,  ORD  and  CD  spectra. 

Major  Findings:  Cholesterol  feeding  of  these  species  results  in  the  pro- 
duction of  hyperlipoproteinemia  which  resembles  human  Type  III  hyper- 
lipoproteinemia as  evidenced  by  the  presence  of  a  beta-migrating  VLDL 
(3-VLDL).   The  apoprotein  content  of  the  B-VLDL  of  these  species  resem- 
bles that  of  the  6-VIDL  of  human  Type  III  in  that  these  contain  a  major 
apoprotein  equivalent  to  the  arginine-rich  protein.  This  apoprotein  is 
being  characterized  and  apparently  represents  a  major  cholesterol  carry- 
ing apoprotein.  However,  there  are  also  differences  among  the  species 
with  regard  to  alterations  and  shifts  to  lower  density  of  the  high  den- 
sity lipoproteins  (HDL).   In  swine,  rats  and  rabbits  with  the  development 
of  hypercholesterolemia  there  is  a  progressive  increase  in  a  lower  density 
HDL  referred  to  by  us  as  HDL  (cholesterol) .   This  type  of  lipoprotein 
pattern  does  not  develop  in  the  Patas  monkey  or  in  human  Type  III.   This 
difference  is  being  investigated.   All  experimental  animals  are  under- 
going necropsy  for  detailed  analysis  of  type  of  atherosclerosis  produced. 
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Significance  to  Blo-^edlcal  Research  and  the  Program  of  the  Institute: 
Characterization  of  cholesterol  Induced  hyperlipoproteinemias  and  devel- 
opment of  animal  models  resembling  human  disease  will  enable  us  to  better 
understand  human  lipoprotein  metabolism.   In  addition  these  studies  are 
designed  to  correlate  the  type  of  hyperlipoproteinemia  with  the  type  and 
degree  of  experimentally  induced  atherosclerosis. 

Honors  and  Awards :  None . 

Publications : 

Mahley,  R.W.,  and  Weisgraber,  K.H.   An  electrophoretlc  method  for  the 
quantitative  isolation  of  human  and  swine  plasma  lipoproteins. 
Biochemistry 
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Project  Title:   Trial  of  psychological  techniques  for  the  amelioration  of 
hypertension 

Principal  Investigators:   Dali  J.  Patel,  M.D.,  Ph.D. 
David  Horwltz,  M.D. 

Associate  Investigators:  Bernard  Frankel,  M.D.  (NIMH);  Edward  Freis,  M.D. 
(V.A.  Hospital) ;  Joseph  Franciosa,  M.D.  (V.A. 
Hospital);  Kenneth  Gaarder,  M.D.  (Consulting 
Psychiatrist  to  NIMH);  Harry  Reiser,  M.D.  (NHLI) 

Cooperating  Units:   Hypertension  Endocrine  Branch,  NHLI;  Division  of  Clinical 
and  Behavioral  Research,  NIMH;  Senior  Medical  Investiga- 
tor, Veterans  Administration 

Project  Description: 

Objective:   Reduction  of  blood  pressure  through  a  number  of  psychological 
techniques  has  been  reported.   These  have  Included  biofeedback  tech- 
niques, autogenic  exercises  and  hypnosis.   Such  studies,  although  demon- 
strating that  blood  pressure  can  be  altered,  did  not  provide  definitive 
Information  on  how  long  the  effects  were  sustained  at  useful  levels  and 
usually  were  not  adequately  designed.   The  present  study  is  intended  to 
determine  whether  a  combination  of  psychological  techniques  can  produce 
a  sustained,  therapeutically  useful  reduction  in  blood  pressure  in  pa- 
tients with  essential  hypertension. 

Methods  Employed:   a)   Patients  -  The  subjects  will  be  30  patients  with 
uncomplicated  essential  hypertension.   Subjects  will  receive  a  basic 
diagnostic  evaluation  which  will  include  an  intravenous  pyelogram,  uri- 
nary VMA,  renogram,  serum  electrolytes  and  creatinine,  urinalysis,  urine 
culture,  EKG,  and  chest  film  plus  other  tests  as  appropriate. 

Subjects  will  undergo  an  initial  evaluation  during  a  6  to  8  week  period 
during  which  blood  pressure  will  be  taken  at  least  once  each  week.   Blood 
pressure  will  be  taken  by  the  arm  cuff  method  at  the  same  time  of  the  day 
by  a  single  nurse  observer  in  the  observation  room. 

Subjects  will  be  untreated  or  undergoing  uniform  therapy  (preferably  with 
diuretics  alone)  during  the  period  of  evaluation.   Those  who  shw  a  pre- 
dominance of  diastolic  blood  pressure  readings  (while  recumbent)  in  the 
range  of  96  to  110  mm  Hg  will  be  enrolled  in  the  study  phase.   Subjects 
with  a  history  of  serious  complications  such  as  angina  pectoris,  myo- 
carldal  infarction,  cerebrovascular  accident  or  cerebrovascular  insuffi- 
ciency, dissecting  aneurysm,  serious  emotional  illness,  or  severe  al- 
coholism will  be  excluded  from  the  study. 
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b)  Study  protocol  -  Subjects  with  a  predominance  of  diastolic  blood  pres- 
sure observations  in  the  range  of  96-110  mm  Hg  will  be  allocated  to  treat- 
ment, sham  treatment,  or  untreated  groups  by  a  system  of  stratified  ran- 
domization, i.e.,  randomized  within  untreated  and  the  drug-treated  groups. 
Subjects  will  thereafter  continue  any  background  therapy  without  change. 

The  evaluation  period  will  be  4  months  in  duration.  Weekly  blood  pres- 
sure determination  will  be  performed  for  all  treated  subjects  in  the  same 
manner  as  heretofore,  and  will  never  follow  treatment  sessions.  The  re- 
sults during  the  last  2  months  will  be  compared  with  those  during  the 
Initial  control  period. 

Subjects  showing  adverse  effects  or  a  rise  in  prevailing  blood  pressure 
to  >110  mm  Hg  on  3  consecutive  visits  will  be  withdrawn  from  the  study 
and  termed  treatment  failures. 

Treatment  group  -  Subjects  in  the  treatment  group  will  receive  training  in 
a  combination  of  psychological  techniques;  these  will  include  use  of  mild 
suggestion  and  concentration  and  relaxation  exercises  and  autogenic  exer- 
cises which  will  be  reinforced  by  electromyographic  (EMG)  and/or  skin 
temperature  (ST)  feedback  techniques.  All  subjects  will  undergo  blood 
pressure  biofeedback  training. 

Subjects  will  be  treated  twice  a  week  for  the  first  month  and  once  a  week 
thereafter.  During  sessions,  monitoring  with  some  or  all  of  the  follow- 
ing noninvasive  methods  will  be  carried  out:  EKG  with  cardio tachometer; 
skin  temperature,  and  electromyographic  electrodes;  and  arm  cuff  blood 
pressures  using  the  Roche  Arteriosonde .   Subjects  will  also  be  given  a 
program  which  will  be  pursued  at  home  to  supplement  treatment  sessions. 

The  SHAM  treatment  group  will  be  seen  as  frequently  as  those  of  the  treat- 
ment group.  At  each  session,  subjects  will  undergo  sham  EMG  biofeedback 
with  random  rather  than  correlated  feedback  of  information.  Blood  pres- 
sure monitoring  will  be  the  same  as  for  the  other  groups.  No  other  treat- 
ment modalities  for  laboratory  or  home  use  will  be  prescribed  for  this 
group . 

The  control  group  will  undergo  a  minimal  program  consisting  of  monthly 
blood  pressure  determinations. 

Associated  observations  -  All  subjects  entering  the  study  will  undergo  a 
prospective  psychological  evaluatior  some  of  which  will  be  administered 
again  at  the  end  of  the  study. 

Hemodynamic  studies  will  be  performed  at  the  end  of  the  initial  evaluation 
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period  and  again  at  the  end  of  the  four  month  trial  period  for  both  treat- 
ment and  control  subjects.   Studies  will  be  performed  at  the  Hemodynamics 
Laboratory  of  the  Veterans  Administration  Hospital,  Washington,  D.C.  under 
the  supervision  of  Dr.  Edward  Freis.   Studies  will  include  a  direct  meas- 
urement of  arterial  pressure  and  determinations  of  cardiac  output  utiliz- 
ing either  the  CO2  rebreathing  technique  or  the  indicator  dilution  method 
with  indocyanine  green.  Following  resting  cardiac  output  determinations 
one  or  two  measurements  will  be  performed  during  mild  exercise  on  an  up- 
right bicycle  ergometer;  exercise  will  not  exceed  a  level  producing  a 
maximum  heart  rate  of  100  beats/minute. 

Second  phase  studies  -  Treated  subjects  who  show  at  least  a  10%  fall  in 
mean  diastolic  blood  pressure  will  be  studied  for  an  additional  two  months 
to  determine  whether  results  can  be  sustained.   The  "control  group"  and 
the  "sham  feedback  group"  will  be  given  an  opportunity  to  have  full  treat- 
ment after  the  Initial  six  month  period.   Each  one  of  these  subjects  will 
then  form  his  own  'control'  for  comparison  after  treatment  phase. 

Major  Findings:   The  study  is  just  getting  started.   So  far,  using  pilot 
patients,  we  have  worked  out  the  details  of  protocol  and  use  of  instru- 
mentation in  the  psychological  laboratory.   The  first  three  patients  to 
enter  the  treatment  phase  of  the  study  have  been  randomized  to  enter  the 
control,  sham  feedback  or  treatment  group  after  initial  observation  of  2 
months.   A  total  of  sixteen  subjects  are  now  enrolled  in  early  phases  of 
the  study. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute:   The 
proper  use  of  biofeedback  as  well  as  other  psychosomatic  techniques  in 
therapeutic  manipulation  of  hemodynamic  parameters  could  be  of  great  value 
in  understanding  and  treatment  of  cardiovascular  diseases.   Early  hyper- 
tension presents  an  excellent  opportunity  to  study  these.   Results  of  a 
well  controlled  study  in  this  area  should  provide  objective  data  which 
will  prove  very  useful  as  an  additional  tool  in  amelioration  of  hyperten- 
sion and  perhaps  atherosclerosis. 

Proposed  Course  of  the  Project:   It  is  anticipated  that  the  present  study 
will  be  completed  within  approximately  two  years. 

Honors  and  Awards:  None. 

Publications:  None. 
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Project  Title:  Vascular  mechanics:  arterial  wall  properties 

Previous  Serial  Number:  NHLI-249 

Principal  Investigator:  Dali  J.  Patel,  M.D.,  Ph.D. 

Other  Investigator:  R.  N.  Vaishnav,  Ph.D. 

Cooperating  Units:  Department  of  Civil  and  Mechanical  Engineering,  The 
Catholic  University  of  America,  Washington,  D.C. 

Project  Description: 

Objective:  To  study  the  local  viscoelastic  properties  of  the  blood  vessel 
wall  under  physiologic  conditions, 

Methods  Employed;  Two  different  methods  were  developed  to  study  two  as- 
pects of  local  rheology  of  the  vascular  intima,  1)  The  first  method 
.was  designed  to  study  the  local  compliance  of  the  vascular  intima.   To 
this  end,  a  segment  of  canine  middle  descending  thoracic  aorta  (MDTA) 
was  exclsedt  slit  open  longitudinally  and  stretched  to  in  vivo  dimensions 
in  a  specially  designed  rack.  The  vessel  was  backed  by  plaster  of  Paris 
slurry  which  was  allowed  to  harden  before  the  test.  A  typical  test  con- 
sisted of  applying  a  small  force  (20  mg)  to  a  small  area  of  the  vascular 
intima  using  a  fine  cylindrical  probe  (dlam,  0.2  mm).   The  resulting  de- 
flections were  measured  using  a  linear  differential  transformer.  The 
test  was  carried  out  using  a  range  of  probes  and  forces  on  a  large  number 
of  vessels  at  various  sites  Including  those  at  the  intercostal  orifices. 
2)  Ths  second  method  tested  the  effect  of  hydrodynamic  shear  stress  on 
the  endothelial  surface,  using  saline  jets.  A  special  device  for  applying 
jets  was  made  by  modifying  a  microscope  with  turret-mounted  objectives. 
One  of  the  objectives  was  replaced  by  a  nozzle  through  which  a  jet  could 
be  applied  to  a  precise  location  after  preslghting  with  one  of  the  turret 
objectives.  A  needle  valve  controlled  instantaneous  opening  and  closing 
of  the  jet  at  chosen  times.  The  hydrostatic  pressure  driving  the  jet  was 
supplied  by  means  of  a  rotary  pump.  In  a  typical  experiment,  a  freshly 
excised  and  carefully  handled  segment  of  MDTA  was  taken,  and  the  excess 
adventitial  tissue  was  trlmned  off.  The  vessel  was  silt  open  longitu- 
dinally and  pinned  carefully  onto  a  corkboard,  and  the  preparation  was 
subnerged  in  a  buffered  saline  solution.  A  Jet  was  then  directed  to  a 
chosen  location  on  the  endothelium  and  the  experiment  repeated  at  various 
Sites  using  different  pressures  (2.5  to  20  psi)  and  jet  durations  (2 
■•conds  -  30  seconds) .  The  preparation  was  then  taken  out  of  the  bath 
and  stained  with  Evans  blue  dye.  The  lesions  formed  by  the  jets  on  the 
•ndotholium  were  studied  microscopically  and  photographed. 
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Major  Findings:  The  findings  on  the  local  compliance  of  the  vascular  Intl- 
ma  are  being  published  (see  Publications).  The  results  of  the  effect  of 
shearing  stresses  on  the  Intlmal  surface  are  summarized  below:  For  a 
wide  range  of  pressures  and  times,  it  was  possible  to  produce  a  variety 
of  lesions.   The  most  interesting  type  of  lesions  consisted  of  three  con- 
centric zones  with  irregular  circular  boundaries .  The  central  zone  was 
of  the  order  of  the  jet  diameter  in  size  and  was  characterized  by  an 
essentially  intact  endothelium.   The  second  zone  had  a  width  of  one  to 
several  jet  diameters  and  was  characterized  by  total  destruction  of  endo- 
thelial cells.   The  third  and  the  outermost  region  consisted  again  of 
essentially  intact  endothelium.   This  observation  dramatically  points  out 
the  fact  that  the  endothelial  cells  are  very  prone  to  damage  by  shearing 
stresses  (which  dominate  in  zone  2)  but  are  relatively,  immune  to  damage 
by  moderate  normal  pressures  as  at  the  central  stagnation  zone  directly 
under  the  jet. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Re- 
cent findings  of  Fry  indicate  that  hemodjmamic  and  local  tissue  factors 
probably  play  a  significant  role  in  the  pathogenesis  of  atherosclerosis. 
Hemodynamic  shear  stresses,  for  example,  can  alter  the  permeability  of 
the  endothelium  to  the  macromolecules  in  the  blood.   The  jet  action  stud- 
ies should  prove  a  valuable  tool  in  throwing  more  light  on  this  aspect. 
Likewise,  it  has  been  observed  that  regions  of  the  vascular  Intima  sub- 
jected to  chronic  high  unidirectional  stresses  appear  to  develop  densely 
oriented  collagen  in  the  subendothellal  region  which  appears  to  protect 
them  from  subsequent  lipid  deposition.   The  studies  on  local  compliance 
of  the  vascular  intima  reported  above  are  significant  in  that  they  provide 
a  rheological  counterpart  to  the  histological  finding  stated  above. 

Proposed  Course  of  the  Project:  Many  studies  related  to  the  overall  vessel 
properties  have  been  completed.  Studies  connected  with  local  rheological 
properties  of  the  Intimal  surface  will  be  continued. 

Honors  and  Awards: 

1.  Invited  to  participate  in  a  Symposltim  on  "Recent  Advances  in  Blood 
Rheology  and  Hemodynamics,"  to  be  held  during  the  26th  International 
Congress  of  Physiological  Sciences  in  New  Delhi,  India,  1974. 

2.  Invited  to  give  State  of  the  Art  Lecture  on  "Mechanical  behavior  of 
large  arteries"  at  the  Seventh  South  Eastern  Conference  on  Theoretical 
and  Applied  Mechanics,  1974. 

Publications: 

1.  Janicki,  J.S.,  Patel,  D.J.,  Young,  J.T.,  and  Vaishnav,  R.N.:   Rheologic 
properties  of  blood  vessels.   Research  Animals  in  Medicine.   (In  press.) 

2.  Gow,  B.S.,  and  Vaishnav,  R.N.:  A  microindentatlon  technique  to  measure 
the  rheological  properties  of  the  vascular  intima.   J.  Appl.  Physiol. 
(In  press.) 

-2  S'^O 


Serial  No.  NHLI-207 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

3.  Patel,  D.J. ,  and  Valshnav,  R.N. :   Some  recent  studies  on  the  mechanical 
behavior  of  larger  arteries.   In  S.W.  Chi  and  S.R.  Heller,  Jr.  (eds.): 
Vol.  7  In  Developments  in  Theoretical  and  Applied  Mechanics.  Library 
of  Congress  Catalog  Card  #63-1602).  Washington,  D.C.  pgs.  32-330,  1974. 

4.  Gow,  B.S.,  Schonfeld,  D.,  and  Patel,  D.J. :  The  dynamic  elastic  proper- 
ties of  the  canine  left  circumflex  coronary  artery.  J.  Biomechanics. 
(In  press.) 
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Project  Title:  Blood  velocity  profiles  and  hemodynamic  stresses  in  the  aorta 
and  its  major  branches. 

Previous  Serial  Number:  NHLI-248 

Principal  Investigator:  Dali  J.  Patel,  M.D.,  Ph.D. 

Other  Investigators:   Sung  C.  Ling,  Ph.D.,  and  H.  Bulent  Atabek,  Ph.D. 

Cooperating  Units:  The  Department  of  Space  Science  and  Applied  Physics, 
The  Catholic  University  of  America 

Project  Description: 

Objective:  To  measure  and  quantify,  in  vivo,  blood  flow  fields  including 
the  shearing  stress  on  the  wall  in  1)  the  left  circumflex  coronary  artery 
(LCCA),  and  2)  the  aortic  trifurcation  area  in  dogs. 

Methods  Employed:  Pressure,  pressure  gradient  and  radius  were  measured 

continuously.   A  nonlinear  numerical  technique  was  used  to  compute  center- 
line  velocity,  velocity  profile  and  Instantaneous  blood  flow  from  the 
above  measurements.   A  constant-temperature  heated  film  anemometer  for 
measurement  of  velocity  and  an  electromagnetic  flowmeter  were  used  to 
test  the  results  of  the  numerical  technique. 

Major  Findings:   LCCA  study  is  near  completion  and  the  results  indicate: 
1)   The  mean  LCCA  flow  varied  between  50  to  70  cc  per  minute.   2)   The 
velocity  profiles  were  less  blunt  than  those  observed  in  the  aorta.   3) 
Since  the  major  flow  occurs  during  diastole,  the  wall  shear  was  high  in 
diastole. 

The  study  of  the  trifurcation  area  is  in  its  initial  stage.   The  geometry 
and  the  pressure-radius  relationships  of  this  region  have  been  experi- 
mentally determined.  The  pressure  flow  relationships  are  currently  under 
study. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute:  The 
role  of  hemodynamic  stresses  in  the  etiology  of  early  atherosclerosis  is 
well  established  by  Fry.   In  order  to  study  this  role  quantitatively  we 
need  to  measure,  in  vivo,  flow  fields  in  critical  areas  of  the  circula- 
tory system;  this  is  at  best  a  difficult  task  and  the  present  study  of 
LCCA  and  aortic  trifurcation  area  signifies  a  modest  step  towards  its 
ultimate  solution. 

Proposed  Course  of  the  Project:   The  study  evaluating  this  technique  in  the 
descending  thoracic  aorta  is  published.   The  LCCA  study  is  near  completion 
The  study  in  the  trifurcation  area  will  be  continued. 
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Honors  and  Awards:   Invited  to  write  a  review  on  Hemodynamics  in  the  Annual 
Review  of  Physiology. 

Publications : 

1.  Carew,  T.E.,  and  Patel,  D.J.:   Effect  of  tensile  and  shear  stress  on 
intimal  permeability  of  the  left  coronary  artery  in  dogs.  Atherosclero- 
sis 18:  179-183,  1973. 

2.  Ling,  S.C,  Atabek,  H.B.,  Letzlng,  W.G.,  and  Patel,  D.J.  Nonlinear 
analysis  of  aortic  flow  in  living  dogs.   Clrcul.  Res.  33:   198-212,  1973. 

3.  Patel,  D.J.,  Vlashnav,  R.N.,  Gow,  B.S.,  and  Kot,  F.A. :  Hemodynamics. 
In  Ann.  Review  of  Physiology  36:   125-154,  1974. 
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Project  Title:  Growth  and  metabolism  of  the  aortic  smooth  muscle  cell  and 

its  response  to  various  factors  implicated  in  the  pathogene- 
sis of  atherosclerosis 

Previous  Serial  Number:   NHLI-255 

Principal  Investigator:  B.  Gregory  Brown,  M.D.,  Ph.D. 

Other  Investigators:  Robert  W.  Mahley,  M.D.,  Ph.D.,  and  Donald  L.  Fry,  M.D. 

Cooperating  Units:  Tissue  Culture  Lab.,  Section  on  Metabolism,  Lipid 
Metabolism  Branch,  NHL  I 

Project  Description: 

Objective:   To  expose  aortic  smooth  muscle  cells  grown  in  tissue  culture 
to  various  chemical  and  mechanical  factors  said  to  be  relevant  to  the 
proliferation  of  these  cells  in  the  early  atherosclerotic  lesions.   In 
particular,  glucose  concentration  and  variotis  lipoprotein  fractions  will 
be  investigated.   The  relation  to  cell  age,  species,  and  location  will 
be  investigated. 

Methods  Employed:   A  variety  of  species  have  been  studied  to  find  a  suita- 
ble cell  line.   Cell  growth  rate  is  determined  by  serial  cell  counts  on  a 
number  of  identically  fed  petri  dish  cultures.   Regulation  of  cholesterol 
metabolism  through  HMG  CoA  reductase  activity  has  been  determined.   Syn- 
thesis of  cyclic  GMP  and  cyclic  AMP  by  these  cells  is  under  study. 

Major  Findings:  Aortic  medial  cells  from  dog,  guinea  pig,  human,  and  swine 
have  been  grown  in  culture.   Because  the  latter  most  suited  our  experi- 
mental purpose,  current  activity  centers  around  the  swine  cell  grown  In 
swine  serum,  or  fractions  thereof.   Electron  microscopy  has  confirmed 
these  to  be  smooth  muscle  cells.   In  addition,  serotonin  provokes  a  5- 
fold  increase  in  cyclic  GMP  in  these  cells,  a  response  typical  of  smooth 
muscle  cells  from  other  tissues  (gut,  uterus,  blood  vessel). 

Regulation  of  the  synthesis  of  cholesterol  by  these  cells  is  achieved  at 
the  level  of  HMG  CoA  reductase.   The  activity  of  this  enzyme  is  maximally 
suppressed  by  LDL-,  and  probably  HDL-1-cholesterol  In  concentrations  of 
~  1  mg  chol/100  ml  medium.  'VLDL  is  a  somewhat  less  potent  suppressor  of 
HMG  Co-A  reductase,  and  HDL-2  Is  only  minimally  suppressive.   The  depen- 
dence of  enzyme  activity  on  LP-cholesterol  has  been  determined  over  a 
wide  range  of  LP-cholesterol  concentration. 

Cell  growth  is  stimulated  significantly  by  at  least  four  serum  factors 
(in  addition  to  essential  nutrients).   LDL  cholesterol,  either  from 
normolipemic  or  hyperlipemlc  swine,  significantly  increases  the  rate  of 
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cell  multiplication.   VLDL  from  hyperlipemic  swine,  but  not  from  normo- 
lipemic  swine,  is  also  a  growth  stimulant,  presumably  because  of  the  6- 
VLDL  present  in  hjrperlipemia.   These  observations  suggest  a  mechanism 
for  the  atherosclerosis  seen  in  types  II  and  IV  hyperlipemia.  A  platelet- 
dependent  growth  factor  of  MW  ^  15,000  has  been  described  by  Ross  and  is 
confirmed  in  our  experiments.   A  dialyzable  factor,  of  MW  <  5,000  appears 
to  be  of  somewhat  greater  Importance  in  terms  of  cell  growth,  and  its 
nature  is  currently  under  investigation. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
Recent  studies  have  implicated  arterial  smooth  muscle  as  the  tissue  that 
proliferates  in  the  early  lesions  of  atherosclerosis.   Knowledge  of  the 
factors  and  mechanisms  underlying  this  proliferative  response  is  there- 
fore of  paramount  importance  in  our  understanding  of  this  disease  process. 

Proposed  Course  of  the  Project:  Manuscript  in  preparation. 

Honors  and  Awards:  None. 
Publications:  None 
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Project  Title:  The  rate  and  mechanisms  of  regression  of  various  crystalline 
lipids  placed  in  the  arterial  wall 

Previous  Serial  Number:  NHLI-256 

Principle  Investigator:  B.  Gregory  Brown,  M.D.,  Ph.D. 

Other  Investigators:  Joseph  E.  Pierce,  DVM,  and  Donald  L.  Fry,  M.D. 

Cooperating  Units:   Section  on  Laboratory  Animal  Medicine  and  Surgery,  NHLI 

Project  Description: 

Objective:  To  study  the  rate  and  mechanisms  of  regression  of  minute  slugs 
of  various  pure  lipids  that  are  placed  discretely  in  the  arterial  wall  of 
dogs. 

Methods  Employed:  A  micro- Injector  was  developed  for  inserting  tiny  crys- 
talline rods  of  various  pure  lipids  of  known  dimensions  into  the  arterial 
wall.  Under  surgically  sterile  conditions  thoracotomy  was  performed  and 
the  thoracic  aorta  opened.  Under  direct  visualization  the  sharpened  end 
of  the  injector  was  inserted  at  a  shallow  angle  into  the  exposed  intimal 
surface  and  the  contained  lipid  rod  extruded  with  a  fine  wire  into  or 
near  the  intimal  tissues.   Ten  to  twelve  different  lipid  rods  could  be 
inserted  in  a  given  surgical  field.   The  exact  location,  size  and  compo- 
sition of  these  rods  was  carefully  recorded  and  the  vessel  resewn.   The 
animal  was  then  allowed  to  recover  and  maintained  on  a  normal  diet.   At 
various  selected  times  postoperatively,  varying  from  a  few  days  to  20 
months,  the  animal  was  sacrificed  and  the  test  region  in  the  thoracic 
aorta  removed.   Gross  appearance  of  the  test  field  was  recorded  and  the 
tissues  were  processed  for  microscopic  examination.   In  some  of  these 
animals,  the  lipids  employed  contained  C-*-^  at  a  stable  position  In  the 
molecule.   Quantitative  microautoradiography  has  been  done  to  determine 
the  localization,  direction  of  flux,  and  the  relative  concentration  gra- 
dients of  lipid  diffusing  in  the  arterial  wall.   Similar  studies  are 
under  way  with  ll31_iabelled  albumin  and  with  physical  mixture  of  choles- 
terol and  lecithin. 

Major  Findings:   In  crystalline  form,  Ch,  ChP,  and  TP  regressed  very  slowly, 
with  projected  half-lives  of  >8,  >5,  and  2  years,  respectively.   PA  and 
DPL  disappeared  rapidly,  with  half-lives  of  less  than  2  months.   Ch  and 
ChP  produced  striking  myointimal  proliferative  responses  in  the  overlying 
intima,  resulting  in  respectively,  3.6-(p<.01)  and  8.9-(p<.05)  fold  in- 
creased intimal  thickness  at  1  mo.,  and  4.9-(p<.02)  and  15.3-(p<.05)  fold 
increases  at  3  mo.   PA  GTP  produced  a  mild  response;  DPL  produced  none. 
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The  autoradiographic  studies  provide  considerable  infonnation.   It  would 
appear  that  the  major  mechanism  of  removal  of  these  lipids  from  the  arter- 
ial wall  is  diffusion,  although  there  is  some  macrophage  activity  (appar- 
ently a  transformation  of  the  normal  arterial  smooth  muscle  cells)  sur- 
rounding the  lipids.  For  cholesterol  and  its  esters,  the  molecular  dif- 
fusion rate  is  approximately  10  times  as  rapid  in  the  circumferential 
direction  (parallel  to  the  elastic  lamellae)  as  in  the  radial  direction. 
For  palmitic  acid,  this  rate  ratio  is  approximately  16:1;  and  for  tripal- 
mitin,  5.3:1.   Therefore,  elastic  tissue  would  appear  to  present  a  signi- 
ficant barrier  to  diffusion  of  lipids.  The  diffusion  coefficient,  D,  for 
cholesterol,  cholesteryl  palmitate  and  tripalmitln  is  of  the  order  of 
10~^  cm  /sec,  as  determined  by  quantitative  autoradiography.  D  is  of  the 
order  10~^  cm^/sec  for  albumin  and  palmitic  acid,  suggesting  the  latter 
is  carried  on  albumin  in  the  arterial  wall. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
The  formation  of  an  atheromatous  lesion  represents  an  imbalance  between 
factors  favoring  the  accumulation  of  lipid  at  a  given  arterial  site,  and 
factors  favoring  its  reabsorbtlon  into  the  bloodstream.  These  studies 
represent  a  first  step  in  determining  the  rate  constants  and  mechanisms 
for  the  reabsorbtlon  from  arterial  tissue  of  each  of  the  pure  lipids  in 
their  crystalline  form. 

Proposed  Course  of  the  Project:  Manuscript  in  preparation. 

Honors  and  Awards:  None. 

Publications : 

Brown,  B.G.,  Pierce,  J.E.,  and  Fry,  D.L. :  The  fate  of  surgically  im- 
planted crystalline  lipids  in  the  arterial  wall  of  dogs.  Circulation  48: 
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This  section  Is  concerned  primarily  with  structural  alterations  produced 
by  various  cardiovascular  and  pulmonary  diseases.   Structural  alterations  are 
studied  at  gross,  light  microscopic,  ultrastructural  and  histochemical  levels. 
Studies  during  this  period  focused  on  coronary,  valvular  and  myocardial  heart 
diseases. 

CORONARY  ARTERIAL  DISEASE 

A  subject  of  continuing  interest  in  this  laboratory  has  been  the  rela- 
tionship between  thrombosis  and  atherosclerosis.   Studies  of  human  coronary 
lesions  in  the  past  3  years  suggest  that  organization  of  thrombi  play  a  major 
role  in  the  development  of  the  complicated  atherosclerotic  plaque:   1)  the 
presence  of  known  components  of  thrombi,  namely  fibrin  and  platelets,  within 
atherosclerotic  plaques;  2)  the  occurrence  of  known  components  of  athero- 
sclerotic plaques,  namely  foam  cells,  cholesterol  clefts,  pultaceous  debris, 
calcium,  in  organized  hematomas  or  known  thrombi  wherever  they  occur  in  the 
body;  3)  the  presence  of  multiple  channels  in  lumens,  a  recognized  consequence 
of  organization  of  pulmonary  arterial  thromboemboli  and  why  not  coronary 
thrombi;  4)  the  major  component  of  the  complicated  atherosclerotic  plaque, 
i.e.,  those  capable  of  causing  significant  luminal  narrowing  of  the  coronary 
arteries  of  patients  with  ischemic  heart  disease  (IHD) ,  is  fibrous  tissue  or 
collagen,  not  lipid;  5)  foam  cells  actually  are  infrequently  observed  in  the 
coronary  arteries  of  patients  with  fatal  IHD;  6)  experimentally  induced 
thrombi  under  proper  conditions  may  be  transformed  into  atherosclerotic  plaques, 
closely  resembling  those  observed  in  human  coronary  arteries.  The  above 
observations  were  based  on  the  examination  of  coronary  arteries  in  nearly  200 
patients  with  fatal  ischemic  heart  disease.  These  factors  do  not  prove  that 
thrombosis  is  the  cause  of  atherosclerosis,  but  together  they  strongly  suggest 
that  organization  of  thrombi  plays  a  major  role  of  the  development  of  the 
complicated  atherosclerotic  plaque. 

The  relationship  of  acute  myocardial  ischemia  to  coronary  thrombosis  also 
was  examined.  After  studying  107  hearts  of  patients  with  fatal  IHD  the 
following  observations  were  made:  1)  among  patients  with  fatal  IHD,  thrombi 
are  infrequent  (about  10%)  in  patients  dying  suddenly  and  in  those  in  whom  the 
necrosis  is  limited  to  subendocardium;  2)  thrombus  is  found  in  a  coronary  artery 
in  about  55%  of  patients  with  fatal  transmural  acute  myocardial  infarction 
(AMI);  3)  among  patients  with  transmural  myocardial  necrosis,  the  major  deter- 
minant of  the  presence  of  coronary  thrombosis  appears  to  be  the  presence  or 
absence  of  cardiogenic  shock;  4)  the  larger  the  area  of  myocardial  necrosis  the 
greater  the  likelihood  of  coronary  thrombosis;  5)  when  coronary  thrombosis  is 
associated  with  AMI,  the  thrombus  is  always  located  in  the  artery  responsible 
for  profusing  the  area  of  myocardial  necrosis ;  6)  thrombi  occurring  in 
coronary  arteries  of  patients  with  fatal  IHD,  are  always  located  in  arteries 
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already  severely  narrowed  by  old  atherosclerotic  plaques;  7)  coronary  thrombi 
in  fatal  AMI  are  usually  single,  usually  occlusive,  short,  and  located 
entirely  in  the  major  branches. 

Only  2  factors  implicate  coronary  thrombosis  as  the  precipitating  cause 
of  AMI:   1)  the  occurrence  of  coronary  arterial  thrombi  in  many  patients  with 
fatal  AMI;  and  2)  the  location  of  the  thrombus  in  the  coronary  artery 
responsible  for  supplying  the  area  of  myocardial  necrosis.  Five  factors, 
however,  tend  to  indicate  that  coronary  thrombosis  is  a  consequence  rather 
than  the  precipitating  cause  of  AMI:  1)  the  very  low  frequency  of  thrombi  in 
patients  dying  suddenly  with  or  without  previous  evidence  of  cardiac  disease; 
2)  the  increasing  frequency  of  thrombi  with  Increasing  intervals  between  onset 
of  symptoms  of  AMI  and  death;  3)  the  absence  of  thrombi  in  fatal  transmural 
AMI  nearly  as  often  as  they  are  present;  4)  the  near  absence  of  thrombi  in 
fatal  subendocardial  AMI;  and  5)  the  occurrence  of  thrombi  in  high  percentage 
only  in  patients  with  cardiogenic  shock,  most  of  whom  have  large  transmural 
infarcts.  Thus,  there  is  substantial  evidence  that  acute  thrombus  formation 
does  not  precipitate  acute  IHD.   The  major  problem  is  diffuse  generalized 
coronary  atherosclerosis  with  severe  (>  75%)  luminal  narrowing  (at  least  2  of 
the  3  major  coronary  arteries). 

A  major  project  carried  out  in  the  past  year  was  detailed  light  microscopic 
examination  of  coronary  atherosclerotic  plaques.  These  studies  indicate  that 
lipids  are  not  the  major  component  of  complicated  atherosclerotic  plaques, 
i.e.,  those  causing  significant  luminal  narrowing  and  those  responsible  for 
IHD.  The  major  component  of  the  complicated  atherosclerotic  plaque  is  fibrous 
tissue.  Lipid,  when  present,  is  virtually  always  extracellular  and  the  lipid 
component  infrequently  constitutes  more  than  30%  of  the  plaque.   It  is  known 
that  flow  through  a  tube  is  not  decreased  until  the  lumen  is  narrowed  >  75%. 
It  seems  possible  that  the  only  reversible  portion  of  the  complicated  athero- 
sclerotic plaque  is  the  lipid  component.  Although  the  lipid  component  may  not 
make  up  over  30%  of  the  typical  coronary  atherosclerotic  plaque,  if  this 
component  could  be  eliminated  the  lumen  might  well  become  <  75%  narrowed. 
Possibly  general  body  weight  loss  would  also  cause  some  loss  of  adipose 
tissue  in  the  coronary  plaque.  An  observation  made  through  the  years  in  this 
laboratory  is  the  infrequency  of  significant  luminal  narrowing  in  the  coronary 
arteries  in  patients  dying  of  cancer.  Obviously,  most  of  these  patients  are 
debilitated.   It  was  speculated  that  possibly  stringent  weight  loss  would  not 
only  cause  loss  of  adipose  tissue  from  the  anterior  pannlculus,  for  example, 
but  also  from  plaques  in  the  coronary  arteries.  The  major  argument  against 
this  speculation  is  that  the  lipids  in  coronary  plaques  are  primarily 
cholesterol  esters,  whereas  the  lipids  in  other  body  stores  are  primarily 
triglycerides. 

Another  observation  this  year  was  the  infrequency  of  left  ventricular 
dilatation  in  patients  with  fatal  angina  pectoris  and  the  infrequency  of 
angina  pectoris  in  patients  with  fatal  "ischemic  cardiomyopathy."  The  later 
patients  had  had  myocardial  infarcts  in  the  past  with  chronic  severe  congestive 
heart  failure  thereafter.  None  of  these  individuals  studied  at  necropsy  in 
this  laboratory  had  had  clinical  evidence  of  angina  pectoris.   It  was  observed 
that  the  patients  with  severe  angina  pectoris  did  not  have  evidence  of 
congestive  heart  failure  during  life  and,  indeed,  at  necropsy,  the  left 
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Tfentricular  cavities  were  usually  of  normal  size.   It  was  speculated  that  if 
the  patient  with  angina  pectoris  could  have  a  more  dilated  left  ventricular 
;avity  t^st  possibly  the  angina  pectoris  would  decrease  in  frequency  or 
disappear.  Likewise,  the  patient  with  "ischemic  cardiomyopathy"  would  do 
better  were  his  or  her  left  ventricular  cavity  made  smaller. 

Twc  patients  were  studied  in  whom  1  or  more  of  the  3  major  extramural 
coronary  arteries  were  made  severely  narrowed  due  to  a  dissecting  hematoma 
isolated  to  the  coronary  artery.   It  is  well  known  that  dissecting  hematomas 
are  frequently  observed  in  coronary  arteries  in  patients  in  whom  there  is  a 
dissecting  aneurysm  involving  aorta.  The  occurrence  of  dissecting  aneruysm 
limited  to  coronary  artery,  however,  has  rarely  been  described.   It  was  pointed 
out  in  the  2  patients  studied  and  in  those  reviewed  in  the  literature  that 
isolated  coronary  dissection  usually  occurs  in  relatively  young  women,  whereas 
dissection  of  the  aorta  generally  occurs  in  men.  The  latter  appears  related 
to  hypertension,  but  isolated  coronary  dissection  is  unaesociated  with  hyper- 
tension.  It  was  also  pointed  out  that  dissection  of  the  coronary  artery  may 
be  acquired  as  a  result  of  bjrpass  operations  on  these  vessels. 

Coronary  arterial  bypass  operations  are  the  most  conmion  cardiac  operation 
now  being  performed.  The  conduits  used  for  the  bypass  are  usually  saphenous 
veins  or  mammary  arteries.  A  patient  was  studied  in  whom  sheep  carotid 
arterial  heterografts  were  used  to  bypass  2  of  the  coronary  arteries  30  months 
before  patient  died  and  a  canine  saphenous  vein  was  used  for  another  bypass 
shortly  before  death.  This  patient  was  the  first  to  have  either  of  these, 2 
type  vessels  used  for  coronary  bypass  operation.  Examination  of  the  sheep 
heterograft  disclosed  a  vigorous  granulomatous  reaction  which  destroyed  the 
wall  of  the  artery  as  well  as  obliterated  the  lumen.  Thus,  the  sheep  carotid 
arterial  heterograft  is  not  a  satisfactory  conduit  for  aortocoronary  bypass. 
It  remains  to  be  seen  whether  or  not  the  canine  saphenous  vein  will  be  a 
satisfactory  bypass  graft. 

The  development  of  mitral  regurgitation  during  acute  myocardial  infarction 
is  coimnon.   The  development  of  a  left-to-right  shunt  at  the  atrial  level 
following  myocardial  infarction  is  rare.  A  patient  was  studied  in  whom  the 
latter  situation  occurred  and  examination  disclosed  that  during  the  course  of 
the  infarction  the  left  atrial  cavity  and  a  previously  valvular-competent 
patent  foramen  ovale  suddenly  became  a  valvular-incompetent  one  due  to  the 
stretching  of  the  foramen  by  dilatation  of  the  atrium.  This  allowed  a  left- 
to-right  shunt  after  the  development  of  mitral  regurgitation.  The  situation 
had  not  been  described  previously  as  a  complication  of  myocardial  infarction. 

VALVULAR  HEART  DISEASE 

A  continuing  interest  of  this  section  has  been  the  study  of  the  causes  and 
consequences  of  left  ventricular  outflow  obstruction.   The  aortic  valve  was 
studied  at  necropsy  in  over  300  patients,  each  over  age  14  years,  with 
valvular  aortic  stenosis  (AS) .  This  examination  disclosed  that  valvular  AS  is 
most  commonly  isolated,  that  is,  it  is  not  associated  with  disease  of  other 
cardiac  valves  and  that  the  most  common  configuration  of  the  aortic  valve  is 
the  bicuspid  condition.  The  latter  was  observed  in  approximately  70%,  and  the 
unicuspid  valve  in  another  10%  of  the  patients  studied  with  valvular  AS.  A 


3-<:u8pld  aortic  valve  was  found  in  only  .20%  of  the  patients  with  AS  and  In 
them  about  half  had  structurally  abnormal  mitral  valves  suggesting  that  the 
etiology  of  the  latter  group  was  rheumatic.  Two  patients  with  supravalvular 
AS  were  studied  at  necropsy  and  It  was  pointed  out  that  the  walls  of  the 
coronary  arteries  In  them  were  extremely  thickened.  The  coronary  arteries  In 
them  were  exposed  to  a  systolic  pressure  rather  than  a  diastolic  pressure. 

Hjrpertrophic  cardiomyopathy  with  and  without  left  ventricular  outflow 
obstruction  has  been  a  continuing  Interest  of  this  section.   Stimulated  by  the 
echocardiographlc  observation  of  a  normal-thickness  left  ventricular  free  wall 
beneath  posterior  mitral  leaflet  in  patients  without  left  ventricular  outflow 
obstruction,  necropsy  patients  with  this  condition  were  reexamined.   Indeed, 
it  was  found  anatomically  that  the  most  basal  portion  of  left  ventricular 
free  wall,  that  is,  the  portion  beneath  posterior  mitral  leaflet,  is  of  normal 
thickness  in  patients  without  left  ventricular  outflow  obstruction  but  that  it 
is  the  thickest  portion  of  left  ventricular  free  wall  in  patients  with  outflow 
obstruction. 

Patients  with  fatal  pure  aortic  regurgitation  (AR)  were  reviewed.   In 
contrast  to  valvular  AS  which  has  only  3  major  causes,  there  are  numerous 
causes  of  pure  AR.  The  causes  were  separated  into  those  affecting  primarily 
the  aortic  cusps  and  into  those  affecting  primarily  the  aorta  itself.  The 
former  include  mainly  infective  endocarditis,  often  complicating  a  congenitally 
bicuspid  aortic  valve,  and  rheumatic  heart  disease.  The  conditions  causing  AR 
by  affecting  primarily  the  aorta  included  mainly  syphilis,  ankylosing  spondyl- 
itis, and  the  Marfan  and  Marfan-llke  syndromes.  Anatomic  differences  between 
syphilis  and  ankylosing  spondylitis  were  clearly  defined. 

It  has  long  been  believed  that  dilatation  of  the  mitral  anulus  is  a  common 
cause  of  mitral  regurgitation  (MR).   Supportive  anatomic  evidence  for  this 
view,  however,  has  not  been  produced.  To  determine  whether  or  not  anular 
dilatation  is  responsible  for  MR,  the  circumference  of  the  mitral  anulus  was 
measured  in  25  normal  hearts,  and  in  82  abnormal  hearts,  all  with  dilated 
ventricles  with  or  without  MR.  The  mitral  anulus  averaged  9  cm  in  the  25 
normals,  11  cm  in  the  20  patients  with  primary  myocardial  disease  with  or 
without  MR,  11  cm  in  the  29  patients  with  pure  MR  due  to  abnormalities  of  leaf- 
lets or  chordae  tendineae,  and  11  cm  in  10  patients  with  pure  AR  without  MR. 
The  mitral  anulus  was  considerably  dilated  in  only  2  conditions;  the  Marfan 
syndrome  with  mitral  regurgitation  and  the  floppy  valve  syndrome  unassociated 
with  the  Marfan  syndrome.  Thus,  anular  dilatation  is  an  infrequent  cause  of 
MR.  The  anulus  dilates  up  to  about  25%  in  most  conditions  associated  with 
considerable  left  ventricular  dilatation  but  this  degree  of  anular  dilatation 
by  itself  is  not  enouth  to  cause  MR. 

It  is  well  known  that  abnormalities  of  the  mitral  valve  and  other  cardiac 
valves  may  be  associated  with  systemic  lupus  erythematosus  (SLE)  but  both  of 
these  abnormalities  are  not  associated  with  clinical  evidence  of  valvular 
dysfunction.   Three  patients  were  studied,  however,  in  whom  severe  MR  associated 
with  SLE  was  observed.   It  appeared  that  the  healing  of  Libman-Sacks  endocar- 
ditis by  use  of  corticosteroids  was  primarily  responsible  for  the  development 
of  MR  in  these  patients. 
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It  has  long  been  known  that  ankylosing  spondylitis  is  associated  with  AR. 
Previous  studies  from  this  laboratory  defined  the  anatomic  features  of  the 
cardiovascular  lesion  in  ankylosing  spondylitis.  A  patient  with  ankylosing 
spondyl:tis  was  observed  to  have  MR  as  well  as  AR.  The  plasma  cell  lesion, 
-bserved  i^i  aortic  adventitia,  also  was  observed  in  the  thickened  mitral  valve 
ir  this  patient,  thus  documenting  the  unusual  occurrence  of  ankylosing  spondy- 
litic type  lesions  in  mitral  valve  as  well  as  in  aortic  root  and  aortic  valve. 

Carcinoid  plaques  have  been  studied  by  light  microscopy  in  this  laboratory 
for  the  past  10  years.   These  are  lesions  which  occur  on  mural  and  valvular 
endocardium  in  patients  with  the  carcinoid  syndrome.  The  ultrastructural 
features  of  this  lesion  were  studied  in  2  patients.   It  was  observed  that  the 
cellular  elements  in  these  plaques  were  mature  smooth  muscle  cells  and  that  the 
extracellular  components  consisted  primarily  of  collagen  fibrils  oriented 
parallel  to  the  surfaces  of  the  plaques. 

A  continuing  interest  of  this  unit  has  been  the  study  of  hearts  of  patients 
dying  after  replacement  of  1  or  more  cardiac  valves  with  prosthesis.  During 
the  past  12  years  most  hearts  of  patients  having  been  autopsied  at  Georgetown 
Hospital  have  been  submitted  to  this  unit  for  examination.  As  a  consequence  it 
was  possible  to  study  the  effects  of  3  different  types  of  prostheses  on  the 
heart.  One  was  the  Hufnagel  trileaflet  prosthesis,  and  20  patients  were  ex- 
amined at  necropsy.   Of  the  12  surviving  6  months  or  longer  after  valve 
replacement,  death  in  8  resulted  from  degeneration  of  the  prosthetic  cusps 
causing  severe  AR  and  from  thrombosis  of  the  prosthesis  in  3,  probably  causing 
prosthetic  stenosis  in  them.   It  is  clear  that  this  type  prosthesis  is  a  poor 
cardiac  valve  substitute. 

The  hearts  of  60  patients  with  Hufnagel-discoid  valves  also  were  studied. 
This  low  profile  prosthesis  has  been  believed  not  to  cause  obstruction  to  inflow 
or  outflow  of  the  left  ventricle  because  of  its  low  profile  nature.   It  was 
observed,  however,  that  a  third  of  the  patients  dying  following  disc  valve 
replacement  was  the  result  of  dysfunctioning  of  the  prosthesis,  most  of  them 
causing  prosthetic  stenosis.  Degeneration  of  the  prosthetic  discs  was  noted  in 
several  patients  surviving  >  1  year.  Degeneration  was  noted  in  aortic,  mitral, 
and  tricuspid  valve  discs. 

The  first  prosthesis  used  to  treat  patients  with  severe  AR  was  a  Hufnagel 
caged-ball  prosthesis  inserted  into  the  descending  thoracic  aorta.   The  first 
operation  of  this  sort  was  done  in  1952  and  during  the  next  10  years  approxi- 
mately 4,000  of  these  prostheses  were  supplied  to  medical  centers.  During  the 
past  2  years,  2  patients  were  examined  at  necropsy  in  whom  a  Hufnagel  prosthesis 
had  been  inserted  into  the  descending  thoracic  aorta  11  and  13  years,  respect-  . 
tively,  earlier.   Examination  of  these  prosthetics  showed  that  there  x*as  no 
evidence  of  degeneration  of  any  of  the  materials  of  the  prosthesis  and  no 
evidence  of  thrombus  formation.  Review  of  previous  reports  disclosed  information 
on  only  55  patients  in  whom  these  prostheses  had  been  utilized.  Degeneration 
of  the  materials  of  the  prosthesis  were  not  found  in  any  patient  but  thrombus 
had  been  observed  in  the  patients  dying  within  3  years  of  the  operative  procedure. 

One  of  the  problems  with  the  use  of  any  prosthesis  to  replace  the  aortic 
valve  is  the  possibility  of  the  prosthesis' s  being  too  large  for  the  aortic 
root  into  which  it  was  inserted  and,  therefore,  the  possibility  of  producing 
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prosthetic  AS.   In  cooperation  with  the  Department  of  Diagnostic  Radiology, 
preoperative  aortograms  were  reexamined    a  group  of  patients  who  underwent 
aortic  valve  replacement  and  subsequently  died.  At  necropsy,  the  patients  were 
considered  to  have  prosthetic  aortic  stenosis.  Reexamination  of  these  aorto- 
grams showed  that  the  diameter  of  the  aorta  at  the  sinotubular  Junction  in  the 
patients  with  prosthetic  stenosis  was  <  30  mm  in  all.   It  appeared  that  this 
number  was  useful  in  separating  patients  who  possibly  would  be  in  trouble  from 
prosthetic  stenosis  as  compared  to  those  whose  aortic  root  was  large  enough  to 
readily  accept  most  presently  available  prostheses. 

It  has  been  known  from  anatomic  studies  for  several  years  that  a  caged-ball 
mitral  prosthesis  could  obstruct  left  ventricular  inflow  if  the  prosthesis  was 
too  big  for  the  left  ventricle  into  which  it  was  inserted.  A  case  was  docu- 
mented to  have  severe  prosthetic  stenosis  by  cardiac  catheterization  and  the 
patient  subsequently  expired.  This  patient  was  the  first  in  whom  prosthetic 
mitral  stenosis  was  documented  by  cardiac  catheterization. 

THE  HEART  IN  SYSTEMIC  DISEASES 

One  of  the  major  projects  undertaken  this  year  was  the  study  of  the  cardio- 
vascular system  in  necropsy  patients  with  systemic  lupus  erythematosis  (SLE) . 
The  purpose  was  to  see  if  there  was  increased  coronary  atherosclerosis  in  these 
individuals,  all  of  whom  werertreated  wl^th'^^rticos-t^eids.  Another  purpose 
was  to  see  the  effect  of  corticosteroid  therapy  on  the  healing  or  non-healing 
of  Libman-Sacks  vegetations  in  the  cardiac  valves.  This  study  of  36  necropsy 
patients  showed  that  corticosteroids  have  altered  the  pathologic  features  of 
SLE.  The  valvular  endocardial  lesions  are  less  prominent  and  active  ones  are 
not  nearly  as  frequent  as  the  pre-steroid  era  patients.   Systemic  hypertension 
and  left  ventricular  hypertrophy  appear  or  if  present  worsen,  congestive  heart 
failure  Increases,  eplcardial  and  myocardial  fat  increases  and  atherosclerosis 
is  clearly  accelerated  by  corticosteroid  therapy.  Although  this  medication  is 
vital  to  the  management  of  patients  with  SLE,  corticosteroids  have  an  overall 
deliterious  effect  on  the  heart. 

The  effect  of  corticosteroid  therapy  on  the  healing  of  acute  myocardial  in- 
farction (AMI)  was  also  studied  in  a  patient  who  received  this  drug  for  53  days 
beginning  10  days  after  the  onset  of  an  acute  myocardial  infarction.   In  this 
particular  patient  the  healing  of  the  infarct  was  clearly  delayed  and  a  large 
left  ventricular  aneurysm  developed.  Search  of  previous  reports  describing  use 
of  corticosteroids  in  patients  with  AMI  disclosed  several  similar  cases,  that 
is,  the  development  of  left  ventricular  aneurysm  as  a  consequence  of  prolonged 
corticosteroid  therapy.   It  is  probable  that  use  of  corticosteroids  during  AMI 
may  be  hazardous  and  that  their  use  in  patients  with  the  post  myocardial  in- 
farction s3mdrome,  a  benign  and  self  limited  condition,  should  be  avoided. 

MYOCARDIAL  HEART  DISEASE 

A  continuing  interest  of  this  unit  has  been  the  study  of  hearts  in  patients 
with  various  cardiomyopathies.  A  total  of  101  necropsy  patients  with  idiopathic 
cardiomyopathy  were  reviewed;  64  had  the  dilated  ventricular  type;  37,  the  non- 
dilated  ventricular  type.  Observations  on  the  sizes  of  the  valve  anull,  the 
frequency  of  intracardiac  thrombi,  myocardial  scarring,  myocardial  necrosis  were 
described.   It  is  surprising  that  there  have  been  no  detailed  descriptions  of 
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iiearte  i l  necropsy  in  a  large  number  of  patients  with  either  the  nondllated  or 
-'.Hated  type  of  Idiopathic  cardiomyopathy. 

In  andition  to  studying  patients  with  the  idiopathic  type  of  cardiomyopathy, 
7  patients  with  endomyocardial  disease  with  and  without  eosinophilia  were  ex- 
amined. It  has  become  clear  that  the  eosinophil  in  some  unknown  way  acts  as 
an  irritant  to  endocardium  of  both  ventricles  Initially  causing  thrombus  for- 
mation and  finally  organization  of  the  thrombus  with  severe  endocardial  scarring. 

Ultrastructural  studies  of  30  biopsies  of  myocardium  in  patients  with  the 
dilated  cardiomyopathy  (they  were  primarily  submitted  from  D.C.  General 
Hospital)  and  of  biopsies  of  ventricular  muscle  in  24  patients  operated  on  at 
NIH  with  hypertrophic  cardiomyopathy  shows  that  the  ultrastructural  features 
in  the  former  are  entirely  nonspecific  but  in  the  latter,  clearly  specific. 

A  review  of  the  effect  of  ethonol  on  cardiac  morphology  was  carried  out. 

Also  reviewed  were  subjects  with  drug-Induced  cardiomyopathies.   Four  types 
of  drugs  are  associated  with  cardiac  diseases:  Acute  toxic  or  allergic  cardio- 
myopathy, cobalt  cardiomyopathy,  alcoholic  cardiomyopathy,  and  anthracycllne 
cardiomyopathy.   The  various  features  of  these  various  types  of  cardiomyopathies 
were  summarized.  Also  described  were  the  hearts  of  16  patients  in  whom  myo- 
cardial injury  was  produced  by  antineoplastic  drugs.   The  degenerative  lesions 
were  characterized  by  degeneration  of  myofibrils  with  selected  loss  of 
myosin  filaments,  degeneration  of  mltochrondrla  with  replacement  by  mylin 
figures,  and  replacement  of  nuclear  chromatin  by  fibrous  and  filamentous  (^ 
material.  This  study  documented  the  cardiotoxic  effect  of  anthracyclines  and 
of  high  dose  cyclophosphamide. 

In  association  with  the  diabetes  section  of  the  Clinical  Endocrinology 
Branch  of  the  National  Institute  of  Arthritis  Metabolism  and  Digestive 
Diseases,  the  hearts  of  a  number  of  patients  with  acromegaly  were  studied.   It 
was  evident  that  acromegaly  does  cause  cardlomegaly  and  that  this  may  occur  in 
the  absence  of  systemic  hypertension. 

ULTRASTRUCTURAL  STUDIES 

In  addition  to  the  studies  previously  mentioned,  many  of  which  included 
electron  microscopic  examinations,  a  number  of  projects  were  carried  out 
delineating  various  alterations  of  myocardial  cell  organelles  under  various 
circumstances.   Sarcolemmal  alterations  in  cardiac  hypertrophy  and  degeneration, 
for  example,  were  described  in  stall.  Another  study  concerned  myofibrillar 
abnormalities  following  cardiac  muscle  cell  Injury.  Another  described  the 
frequency  and  significance  of  intracytoplasmlc  junctions  in  cardiac  muscle 
cells.  Another  described  the  significance  of  Intranuclear  glycogen  deposits 
in  human  cardiac  muscle  cells.   Criteria  for  the  ultrastructural  identification 
of  Intranuclear  glycogen  was  proposed.  Cardiac  morphologic  observations  were 
described  at  the  electron  microscopic  level  in  20  necropsy  patients  treated 
with  bone  marrow  transplants. 

Ultrastructural  characteristics  of  various  types  of  foam  cells  has  been  a 
continuing  interest  of  this  laboratory.  Histologic,  hlstochemlcal,  and  elec- 
tron microscopic  studies  were  made  of  bone  marrow,  tonsil  and  jejunum  of 
patients  with  Tangier  disease.   It  was  found  that  the  foam  cells  in  these  3 
types  of  tissues  contained  4  morphologically  distinct  types  of  lipid  inclusions 
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Project  Title:   Pathologic  Anatomy  of  the  Cardiomyopathies  (Idiopathic  Dilated 
and  Hypertrophic  Types,  Infiltrative  Types  and  Endomyocardial 
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Principal  Investigator:  William  C.  Roberts,  M.D. 

Other  Investigators:   Victor  J.  Ferrans,  M.D.,  Ph.D. 

Cooperating  Units:   None 

Project  Description:  This  paper  summarizes  necropsy  observations  in  patients 
with  3  types  of  cardiomyopathy:   idiopathic,  infiltrative,  and  endomyocardial 
disease.   The  Idiopathic  variety  is  subdivided  into  2  types  depending  on  the 
size  of  the  ventricular  cavity.   In  the  dilated  ventricular  type,  the  left 
ventricular  wall  is  frequently   1.5  cm  thick,  intracardiac  thrombi  are  common, 
the  atrioventricular  valve  rings  may  be  dilated,  and  focal  myocardial  and 
endocardial  scars  are  common.   In  the  non-dilated  type,  the  ventricular  septum 
is  usually  thicker  than  the  left  ventricular  free  wall,  which  also  is  thick 
(   1.5  cm).  When  the  septum  is  of  similar  thickness  to  left  ventricular  free 
wall  (symmetric),  left  ventricular  outflow  obstruction  may  or  may  not  be 
present.  The  orientation  of  myocardial  fibers  one  to  another  in  the  ventricular 
septum  in  the  non-dilated  (hypertrophic)  type  is  abnormal,  whereas  it  is 
normal  in  the  dilated  ventricular  type.   Intracardiac  thrombi  are  rare  and 
atrioventricular  valve  rings  are  never  dilated  in  the  non-dilated  type  of 
idiopathic  cardiomyopathy. 

The  infiltrative  types  of  cardiomyopathies  include  iron,  calcium,  lipids, 
mucopolysaccharides,  granulomas,  amyloid,  and  neoplasms.   The  first  4  usually 
are  located  within  myocardial  cells  and  the  latter  3,  between  myocardial 
cells.   It  is  probable  that  all  these  myocardial  infiltrates  are  capable  of 
producing  cardiac  dysfunction,  primarily  on  a  restrictive  basis. 

Endomyocardial  disease  may  or  may  not  be  associated  with  eosinophilia. 
When  the  latter  occurs  the  eosinophils  are  structurally  normal.   Death  is 
related  to  congestive  cardiac  failure.   This  category  in  actuality  also  is 
idiopathic. 

Honors  and  Awards:   None 
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Project  Description:  Although  both  are  manifestations  of  ischemic  heart 
disease,  severe  (functionally  class  IV,  New  York  Heart  Association)  degrees 
of  either  angina  pectoris  or  of  chronic  congestive  cardiac  failure  rarely 
occur  in  the  same  patient.  Indeed,  of  patients  with  ischemic 

heart  disease,  those  with  severe  angina  and  those  with  severe  chronic  congestive 
heart  failure  may  be  considered  to  represent  opposite  ends  of  the  clinical 
spectrum.   In  contrast,  patients  with  mild  or  moderate  degrees  of  either  angina 
or  congestive  failure  often  also  have  the  other,  and  these  patients  comprise 
the  middle  of  the  spectrum. 

The  patient  with  numerous  attacks  of  angina  pectoris  daily,  by  chest 
roentgenogram,  usually  has  a  normal-sized  heart,  and,  by  left  ventricular 
cineangiogram,  a  well-contracting  myocardial  wall,  often  without  areas  of 
akinesia  or  dyskinesia,  and  a  normal-sized  ventricular  cavity.   In  contrast, 
the  patient  with  chronic  severe  congestive  failure  after  healing  of  an  acute 
myocardial  infarct  ("ischemic  cardiomyopathy")  by  chest  roentgenogram  has  a 
large  cardiac  silhouette,  and  by  left  ventricular  cineangiogram,  a  poorly 
contracting  myocardial  wall  with  one  or  more  areas  of  akinesia  or  dyskinesia, 
and  a  very  dilated  ventricular  cavity.   Patients  with  mild  to  moderate  degrees 
of  both  angina  and  congestive  failure  secondary  to  ischemic  heart  disease 
generally  have  mildly  to  moderately  dilated  ventricular  cavities.   These 
patients  generally  accomodate  to  life  situations  far  better  than  do  patients 
with  either  isolated  severe  angina  or  isolated  severe  congestive  cardiac 
failure. 

Change  in  size  of  the  ventricular  cavities  may  be  beneficial  to  patients 
with  angina  or  chronic  congestive  failure  secondary  to  ischemic  heart  disease. 
The  patient  with  isolated  severe  angina  may  improve  with  dilatation  of  the 
left  ventricular  cavity  and  the  patient  with  congestive  cardiac  failure 
usually  improves  with  diminution  in  left  ventricular  cavity  size. 
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project  Description:   This  large  monograph  describes  necropsy  observations  in 
nearly  1,000  patients  with  various  types  of  cardiomyopathy:   1)   idiopathic 
type  including  both  the  dilated  and  hypertrophic  types;  2)  Endomyocardial 
disease  with  and  without  eosinophilia;  3)  infiltrative  types  including  amyloid, 
granuloma,  calcium,  iron,  neoplasms,  glycogen,  lipids  and  mucopolysaccharides; 
4)  Secondary  cardiomyopathies,  i.e.,  those  associated  with  known  conditions 
such  as  generalized  infection,  collagen  disease,  endocrine  disorders, 
metabolic  disorders,  or  neurologic  disorders.   Despite  extensive  gross, 
microscopic  and  ultrastructural  examination  of  tissue  in  many  of  the  above 
conditions,  no  information  regarding  their  cause  was  obtained  from  these 
morphologic  studies.   By  light  and  microscopic  examination  the  ventricular 
dilated  type  of  idiopathic  cardiomyopathy  is  distinctly  different  from  the 
hypertrophic  type.   It  appears  that  the  eosinophil  causes  endocardial  disease 
because  most  conditions  associated  with  eosinophilia  produce  thickening  of 
left  ventricular  and  right  ventricular  endocardium.   This  review  is  one  of 
the  most  extensive  on  morphologic  aspects  of  the  cardiomyopathies. 
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Project  Description:   Cardiac  observations  are  summarized  in  101  necropsy 
patients  with  idiopathic  cardiomyopathy:   64  patients  had  the  dilated 
ventricular  type  (primary  myocardial  disease),  and  37  had  the  non-dilated 
ventricular  type  (idiopathic  hypertrophic  subaortic  stenosis,  hypertrophic 
obstructive  or  non-obstructive  cardiomyopathy,  or  asymmetric  septal  hyper- 
trophy).  In  the  dilated  type,  both  left  ventricular  free  wall  and  ventricular 
septum  are  of  equal  thickaass  and  are  often  <1.5  cm  thick;  the  atrioventricular 
valve  rings  are  usually  mildly  dilated,  intracardiac  thrombi  are  usually 
present,  and  focal  myocardial  and  endocardial  scars  are  common.   In  the  non- 
ventricular  dilated  type  of  cardiomyopathy,  the  ventricular  septum  is  nearly 
always  thicker  than  left  ventricular  free  wall,  which  is  also  thick  (>  1.5  cm). 
When  left  ventricular  outflow  obstruction. is  present  the  septum  is  always 
thicker  than  free  wall,  but  the  septum  may  be  thicker  than  free  wall  without 
the  occurrence  of  outflow  obstruction.   In  the  non-obstructive  hypertrophic 
variety,  the  left  ventricular  free  wall  behind  posterior  mitral  leaflet  is 
always  thinner  than  the  ventricular  septum  and  also  thinner  than  the  left 
ventricular  free  wall  more  caudally.   The  orientation  of  myocardial  fibers 
one  to  another  in  the  ventricular  septum  In  the  non-dilated  type  is  abnormal. 
The  orientation  of  the  myocardial  fibers  in  the  left  ventricular  free  wall  in 
patients  with  hypertrophic  cardiomyopathy  also  is  abnormal  in  patients  without 
outflow  obstruction,  but  normal  in  those  with  outflow  obstruction.   In  the 
dilated  ventricular  type,  the  orientation  of  the  myocardial  fibers  is  normal 
in  both  the  ventricular  septum  and  ventricular  free  walls.   Intracardiac 
thrombi  are  rare  and  atrioventricular  valve  rings  are  never  dilated  in  the 
non-dilated  type  of  idiopathic  cardiomegaly. 
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Project  Description:   This  editorial  summarizes  the  relationship  of  acute 
myocardial  ischemia  to  coronary  thrombosis.   Observations  discussed  are: 
1)  Among  patients  with  fatal  ischemic  heart  disease  (IHD),  thrombi  are 
infrequent  (about  10%)  in  patients  dying  suddenly  and  in  those  in  whom  the 
necrosis  is  limited  to  subendocardium:  2)  Thrombus  is  found  in  a  coronary 
artery  in  about  557<,  of  patients  with  fatal  transmural  acute  myocardial 
infarction  (AMI);  3)  Among  patients  with  transmural  myocardial  necrosis, 
the  major  determinant  of  the  presence  of  coronary  thrombosis  appears  to  be 
the  presence  or  absence  of  cardiogenic  shock;  4)   The  larger  the  area  of 
myocardial  necrosis,  the  greater  the  likelihood  of  coronary  thrombosis.   The 
larger  the  infarcted  area,  however,  the  greater  the  likelihood  of  cardiogenic 
shock;  5)  When  coronary  thrombosis  is  associated  with  AMI,  the  thrombus  is 
always  located  in  the  artery  responsible  for  perfusing  the  area  of  myocardial 
necrosis;  6)   Thrombi  are  found  in  fatal  IHD  in  coronary  arteries  which 
already  are  severely  narrowed  by  old  atherosclerotic  plaques;  7)  Coronary 
thrombi  in  fatal  AMI  are  usually  (90%)  single,  usually  (80%)  occlusive,  short 
(  < 2  cm  long),  and  located  entirely  in  the  major  trunks  (as  opposed  to  their 
near  right-angle  branches  or  intramural  coronary  arteries). 

Only  two  factors  implicate  coronary  thrombosis  as  the  precipitating 
cause  of  AMI:   1)   the  occurrence  of  coronary  arterial  thrombi  in  many  patients 
with  fatal  AMI;  and  2)   the  location  of  the  thrombus  in  the  coronary  artery 
responsible  for  supplying  the  area  of  myocardial  necrosis.   Five  factors, 
however,  tend  to  indicate  that  coronary  thrombosis  is  a  consequence  rather 
than  the  precipitating  cause  of  AMI:   1)   the  very  low  frequency  of  thrombi 
in  patients  dying  suddenly  with  or  without  previous  evidence  of  cardiac 
disease;   2)   the  increasing  frequency  of  thrombi  with  increasing  intervals 
between  onset  of  symptoms  of  AMI  and  death;  3)   the  absence  of  thrombi  in 
fatal  transmural  AMI  nearly  as  often  as  they  are  present;  4)   the  near  absence 
of  thrombi  in  fatal  subendocardial  AMI;  and  5)   the  occurrence  of  thrombi  in 
high  percentage  only  in  patients  with  cardiogenic  shock,  most  of  whom  have 
large  transmural  infarcts. 
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In  conclusion,  there  Is  substantial  evidence  that  acute  thrombus 
formation  does  not  precipitate  acute  IHD.   The  major  problem  is  diffuse 
generalized  coronary  atherosclerosis  with  severe  (  >757o)  luminal  narrowing 
(at  least  2  of  the  3  major  coronary  arteries). 
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Cooperating  Units:   None 

Project  Description:   This  editorial  summarizes  the  views  which  strongly 
suggest  that  organization  of  thrombi  play  a  major  role  in  the  development  of 
the  complicated  atherosclerotic  plaque:   1)  The  presence  of  known  components 
of  thrombi-  namely  fibrin  and  platelets  -  within  atherosclerotic  plaques;  2) 
The  occurrence  of  known  components  of  atherosclerotic  plaques  -  namely  foam 
cells,  cholesterol  clefts,  pultaceous  debris,  calcium  -  in  organized  hematomas 
or  known  thrombi  wherever  they  occur  in  the  body.  An  example  is  the  left 
atrial  thrombus  in  the  patient  with  mitral  stenosis.   Organization  of  this 
thrombus  may  produce  typical  complicated  atherosclerotic  plaques;  3)  The 
presence  of  multiple  channels  in  lumens  -  a  recognized  consequence  of 
organization  of  pulmonary  arterial  thromboemboli.  Multiluminal  channels 
commonly  are  found  in  severely  atherosclerotic  coronary  arteries.  This 
observation  suggests  that  thrombi  or  emboli  were  at  one  time  present  and 
that  they  organized;  4)  The  major  component  of  the  complicated  atherosclerotic 
plaque,  i.e.,  those  capable  of  causing  significant  luminal  narrowing,  in  the 
coronary  arteries  of  patients  with  fatal  ischemic  heart  disease  is  fibrous 
tissue  or  collagen,  not  lipid.   5)  Foam  cells  actually  are  infrequently 
observed  in  the  coronary  arteries  of  patients  with  fatal  ischemic  heart 
disease;   (6}  Experimentally-induced  thrombi  under  proper  conditions  may  be 
transformed  into  atherosclerotic  plaques  closely  resembling  those  observed 
in  human  coronary  arteries. 

The  above  factors  do  not  prove  that  thrombosis  is  the  cause  of  athero- 
sclerosis, but  together  they  strongly  suggest  that  organization  of  thrombi 
plays  a  major  role  in  the  development  of  the  complicated  atherosclerotic 
plaque. 

Honors  and  Awards:   None 
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Project  Description:   This  monograph  summarizes  morphologic  aspects  of 
coronary  atherosclerosis  and  illustrates  myocardial  complications  of  severe 
coronary  atherosclerosis.   Illustrated  are  normal  coronary  arteries,  the 
coronary  atherosclerotic  plaque,  and  myocardial  changes  in  acute  myocardial 
infarction,  and  red  lesions  in  atherosclerotic  coronary  arteries  including 
hemorrhages  into  atherosclerotic  plaques  and  thrombus.   The  relationship 
between  coronary  thrombosis  and  coronary  atherosclerosis  is  discussed.   The 
coronary  arteries  in  patients  with  hyperlipoproteinemia  is  illustrated  as 
are  Intramural  coronary  arteries  in  patients  with  atherosclerosis  of  the 
extramural  coroaary  arteries.  Also,  the  coronary  arteries  in  patients  with 
coronary  embolism  and  angina  pectoris  are  illustrated.   Complications  of 
acute  myocardial  infarction  including  left  ventricular  aneurysm,  rupture  of 
ventricular  septum  or  of  left  ventricular  free  wall,  left  ventricular  mural 
thrombosis  and  papillary  muscle  dysfunction  are  all  illustrated. 

Honors  and  Awards:   None 

Publications:   Published  by  MEDCCM  Learning  Systems,  1973 
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2.  Pathology  Section 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Valvular,  Subvalvular  and  Supravalvular  Aortic  Stenosis: 
Morphologic  Features 

Previous  Serial  No:   None 

Principal  Investigator:  William  C.  Roberts,  M.D. 

Other  Investigators:   None 

Cooperating  Units:   None 

Project  Description:   One  of  the  continuing  interests  in  the  cardiology  and 
surgery  branches  and  in  the  Section  of  Pathology  of  the  National  Heart  and 
Lung  Institute  has  been  descriptions  of  the  causes  and  consequences  of  left 
ventricular  outflow  obstruction.  The  present  report  summarizes  the  structure 
of  the  aortic  valve  in  about  300  patients  over  age  14  years  with  valvular 
aortic  stenosis.   In  addition,  it  describes  the  morphologic  changes  in  the 
heart  in  patients  with  hypertrophic  cardiomyopathy  and  in  2  patients  with 
supravalvular  aortic  stenosis.   This  report  emphasizes  that  valvular  aortic 
stenosis  is  most  commonly  isolated,  i.e.,  not  associated  with  disease  of  other 
cardiac  valves  and  in  this  situation  the  most  common  configuration  of  the 
aortic  valve  is  the  bicuspid  condition.   The  bicuspid  valve  was  observed  in 
approximately  70%  and  the  unicuspid  valve  in  another  10%  of  the  patients  studied 
with  valvular  aortic  stenosis.  A  3-cuspid  aortic  valve  was  found  in  only  30% 
of  the  patients  with  severe  aortic  stenosis  and  in  them  about  half  had 
structurally  abnormal  mitral  valves  suggesting  that  the  etiology  in  the  latter 
group  was  rheumatic.   Examination  of  the  hearts  in  patients  with  obstructive 
type  of  cardiomyopathy  showed  that  the  posterobasal  portion  of  left  ventricular 
free  wall  was  thin  or  of  normal  thickness .whereas  in  patients  with  obstructive 
cardiomyopathy,  this  portion  of  LV  free  wall  was  the  thickest  portion.  A 
study  of  five  patients  with  discrete  type  of  subaortic  stenosis  shows  that  the 
ventricular  septum  also  may  be  disproportionately  hypertrophied  in  them  as 
well  as  in  the  patients  with  diffuse  muscular  type  of  LV  outflow  obstruction. 
An  important  observation  in  the  patients  with  supravalvular  aortic  stenosis 
was  that  the  walls  of  the  coronary  arteries  were  extremely  thickened.   The 
latter  appears  to  be  due  to  the  occurrence  of  a  systolic  systemic  pressure  in 
these  arteries  as  compared  to  the  usual  diastolic  pressure  in  them. 

Honors  and  Awards :   None 

Publications:   Cardiovascular  Clinics  5:98-126,  1973 


Si6 


Serial  No.   NHLI-219(c) 

1.  ODIR 

2.  Pathbolgy  Section 

3.  Bethesda,  Maryland 

PHS^NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Left  Ventricular  Outflow  Tract  Obstruction  and  Aortic 
Regurgitation 

Previous  Serial  Number:   None 

Principal  Investigator:  William  C,  Roberts,  M.D. 

Other  Investigators:   None 

Cooperating  Units:   None 

Project  Description:   This  review  has  focused  on  conditions  causing  left 
ventricular  outflow  tract  obstruction  and  on  aortic  regurgitation.   Supra- 
valvular  and  discrete  subaortic  stenosis  are  rare  conditions  of  congenital 
origin.   Supravalvular  obstruction  may  be  associated  with  abnormalities  of 
calcium  metabolism,  peculiar  facies  and  peripheral  pulmonary  arterial 
stenosis.   The  obstruction  in  discrete  subvalvular  stenosis  is  about  1  cm 
below  the  base  of  the  aortic  valve  cusps  and  as  a  consequence  the  aortic 
valve  cusps  are  frequently  damaged  by  the  high  pressure  jet  produced  by  blood 
ejected  through  the  area  of  narrowing.   Hypertrophic  obstructive  cardio- 
myopathy is  the  most  recently  recognized  cause  of  left  ventricular  outflow 
obstruction  and  is  second  in  frequency  to  valvular  aortic  stenosis.   In  this 
condition  the  muscular  ventricular  septum  is  thicker  than  the  left  ventricular 
free  wall  and  the  left  ventricular  cavity  is  small. 

Valvular  aortic  stenosis,  once  believed  to  be  mainly  rheumatic  in  origin, 
is  more  frequently  congenital  in  origin  or  due  to  the  wear  and  tear  of  aging. 
The  congenitally  bicuspid  valve  is  the  most  frequent  valve  structure  underlying 
aortic  stenosis  in  the  age  group  15  to  65  years  and  the  unicommissural  valve 
may  be  the  most  frequent  underlying  valve  structure  in  the  patient  less  than 
15  years  old.   In  the  individuals  with  aortic  stenosis  over  age  65  years,  the 
valve  is  usually  three-cusped  and  the  commissures  are  usually  not  fused. 
When  rheumatic  disease  is  the  cause  of  aortic  stenosis,  the  mitral  valve  is 
also  anatomically  diffusely  thickened.   In  contrast  to  valvular  aortic  stenosis 
which  has  only  three  major  causes,  there  are  numerous  causes  of  pure  aortic 
regurgitation.   The  causes  may  be  separated  into  those  affecting  primarily 
the  cusps  and  into  those  affecting  primarily  the  aorta.   The  former  include 
mainly  infective  endocarditis,  often  complicating  a  congenitally  bicuspid 
aortic  valve,  and  rheumatic  disease.   The  conditions  causing  aortic  re- 
gurgitation by  affecting  primarily  the  aorta  include  mainly  syphilis, 
ankylosing  spondylitis,  and  the  Marfan  and  Marfan-like  syndrome.   In  syphilis 
the  aorta  is  thickened  and  the  process  frequently  begins  above  the  sinuses. 
In  ankylosing  spondylitis  the  process  alwaj'i  involves  the  wall  of  the  aorta 
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behind  the  sinuses,  rarely  much  above  them,  and  extends  below  the  aortic 
valve  to  form  a  sulaaortic  bump.  Also,  the  aortic  valve  cusps  are  thickened 
both  at  their  margins  and  at  their  bases,  whereas  in  syphilis  only  marginal 
thickening  present.   The  Marfan  aorta  is  thinner  than  normal,  the  sinuses 
particularly  being  severely  dilated.   The  cusps  also  contain  increased  amounts 
of  acid  mucopolysaccharide  material. 

Honors  and  Awards:   None 

Publications:   In  The  Heart,  Ed.,  Edwards  JE,  Lev  M,  and  Abell  MR,  Williams 
&  Wilkins,  Baltimore,  1974,  pp.  110-175. 
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Project  Title:   Combined  Mitral  and  Aortic  Regurgitation  in  Ankylosing 
Spondylitis  -  Angiographs  and  Anatomic  Features 

Previous  Serial  Number:   None 

Principal  Investigator:  William  C,  Roberts,  M.D. 

Other  Investigators:   Jefferson  F.  Hollingsworth,  M.D., 
Bernadlne  H.  Bulkley,  M.D. 
Richard  B.  Jaffee,  M.D., 
Stephen  E.  Epstein,  M.D. 
Edward  B.  Stinson,  M.D. 

Cooperating  Units:   Surgery  and  Cardiology  Branches,  National  Heart  and 
Lung  Institute 

Project  Description:   Clinical  and  cardiac  morphologic  features  are  described 
In  a  man  with  combined  aortic  and  mitral  regurgitation  associated  with 
ankylosing  spondylitis.  Although  aortic  regurgitation  ia  a  reqognized 
accompaniment  of  ankylosing  spondylitis,  the  occurrence  of  hemodynamically- 
slgnlflcant  mitral  regurgitation  in  this  arthritic  condition  had  not  been 
documented  previously.   Histologic  study  disclosed  changes  in  the  anterior 
mitral  leaflet  identical  to  those  observed  in  the  wall  of  the  aorta  and 
aortic  valve  cusps  in  other  patients  with  ankylosing  spondylitis.   Thus, 
ankylosing  spondylitis  may  be  associated  with  characteristic  lesions  in 
anterior  mitral  leaflet  in  addition  to  those  in  the  ascending  aorta  and 
aortic  valve.  The  subaortic  bump  at  the  base  of  the  anterior  mitral  leaflet, 
the  most  characteristic  cardiovascular  lesion  of  ankylosing  spondylitis,  m^ 
be  visualized  during  life  by  left  ventricular  angiography,  and  its 
identification  allows  proper  etiologic  diagnosis  of  the  valvular  regurgitation. 

Honors  and  Awards:   None 

Publications:   The  American  J.  of  Medicine  56:237-243,  February  1974 
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July  1,  1973  through  June  30,  1974 

Project  Title:   Dissecting  Aneurysm  (Hematoma)  Limited  to  Coronary  Artery. 
A  Clinicopathologic  Study  | 

Previous  Serial  Number:   None 

Principal  Investigator:   Bernadine  H.  Bulkley,  M.D. 

Other  Investigators:  William  C.  Roberts,  M.D. 

Cpoperating  Units:   None 

Project  Description:   Clinical  and  morphologic  features  of  dissecting 
aneurysm  (hematoma)  of  the  aorta  are  well  recognized.   Frequently,  dissecting 
aneurysm  of  the  aortra  extends  into  the  coronary  artery  causing  luminal 
narrowing.   Dissecting  aneurysm  may  involve  the  coronary  artery,  however, 
without  associated  dissection  of  the  aorta.   The  clinical  and  morphologic 
features  of  isolated  coronary  arterial  dissection  are  not  well  known.   We 
attempt  to  clarify  these  features  by  describing  clinical  and  necropsy 
observations  in  six  necropsy  patients  in  whom  the  acute  dissecting  aneurysm 
was  limited  to  coronary  artery. 

The  coronary  dissections  occurred  spontaneously  in  2  patients,  and 
an  intimal  or  adventitial  tear  was  not  identified  in  either.   Four  patients 
had  iatrogenic- induced  coronary  arterial  dissections;  3  had  had  aortic  valve 
replacement,  and  the  remaining  1  had  a  saphenous  vein  grafted  to  the 
dissected  coronary  artery.  A  tear  into  the  dissected  artery  was  identified 
in  1  patient  in  whom  coronary  bypass  grafting  was  performed.   In  the  other 
3,  each  of  whom  had  undergone  aortic  valve  replacement,  no  tear  into  the 
dissected  artery  was  observed.   In  2  of  them  the  caged-ball  aortic  prosthesis 
was  stenotic  and  the  development  of  systolic  hypertension  in  the  coronary 
arteries  may  have  been  an  important  factor  underlying  the  dissection. 

Coronary  arterial  dissection  is  an  infrequently  recognized  complication 
of  cardiac  surgery,  but  one  which  will  probably  be  seen  with  greater  frequency 
as  the  number  of  coronary  bypass  procedures  increase.   Coronary  arterial 
dissection  is  also  a  commonly  unrecognized  cause  of  coronary  arterial  luminal 
narrowing  and  sudden  death.  Although  believed  to  be  universally  fatal, 
coronary  dissection  was  not  fatal  in  one  of  our  six  patients  in  whom  an 
occlusive  chronic  (healed)  medial  dissection  and  a  healed  myocardial  infarction 
were  observed. 


s:7o 


Serial  No.   NHLI-221(c) 

Honors  and  Awards:   None 

Publications:  The  American  Journal  of  Medicine  5^:747-56,  1973 
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July  1,  1973  through  June  30,  1974 

Project  Title:   Steroid  Therapy  During  Acute  Myocardial  Infarction.   A  Cause 
of  Delayed  Healing  and  of  Ventricular  Aneurysm 

Previous  Serial  Number:   None 

Principal  Investigator:   Bernadine  H.  Bulkley,  M.D. 

Other  Investigators:   William  C.  Roberts,  M.D. 

Cooperating  Units:   None 

Project  Description:   The  effect  of  corticosteroids  on  the  heart  has  been  a 
continuing  Interest  in  this  laboratory.   This  study  describes  clinical  and 
necropsy  observations  in  a  man  who  received  large  doses  of  corticosteroids 
for  Dressler's  syndrome  which  complicated  acute  myocardial  Infarction. 
Although  the  patient  survived  for  63  days,  during  53  of  which  he  received 
corticosteroids,  the  infarct  histologically  appeared  to  be  only  10  to  14  days 
old.   Thus,  the  healing  of  the  Infarct  was  clearly  delayed.   Experimental 
studies  in  dogs  were  reviewed  Ih  which  healing  of  myocardial  infarction  was 
delayed  by  corticosteroid  therapy. 

In  our  patient  a  large  left  ventricular  aneurysm  also  developed. 
Study  of  previous  reports  of  human  subjects  receiving  corticosteroids  during 
acute  myocardial  Infarction  disclosed  that  aneurysmal  formation  was  also  a 
common  complication  of  the  postmyocardial  infarction  syndrome  in  patients 
treated  with  corticosteroids. 

It  is  concluded  that  use  of  glucocorticosteroids  for  any  reason 
during  acute  myocardial  Infarction  may  be  hazardous,  and  that  their  use  in 
patients  with  the  postmyocardial  infarction  syndrome,  a  benign  and  self- 
limited  condition,  should  be  avoided. 

Honors  and  Awards:   None 

Publications:   The  American  Journal  of  Medicine  56:244-250,  1974 
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July  1,  1973  through  June  30,  1974 

Project  Title:  The  Use  of  Sheep  Carotid  Artery  for  Aorto-coronary  Bypass  in 
Humans 

Previous  Serial  Number:  None 

Principal  Investigator:   Bernadine  H.  Bulkley,  M.D. 

Other  Investigators:  William  C.  Roberts,  M.D. 

Cooperating  Units:   None 

Project  Description:   Clinical  and  necropsy  observations  are  described  in  a 
man  in  whom  2  glutaraldehyde  fixed  sheep  carotid  artery  heterografts  were 
used  as  aorto-coronary  bypass  conduits  30  months  before  death,  and  a  canine 
saphenous  vein  heterograft  hours  before  death.   The  sheep  carotid  arterial 
heterograft  occluded  soon  after  operation.   At  necropsy,  both  heterografts 
were  covered  by  unusually  dense  fibrous  adhesions  and  their  lumens  were 
occluded  by  dense  fibrous  tissue.   In  addition,  the  walls  of  both  grafts 
were  focally  but  extensively  destroyed  by  an  unusual  granulomatous  infiltrate 
comprised  of  cellular  fibrous  tissue  containing  numerous  giant  cells.  What 
appeared  to  be  a  host  incited  destruction  of  the  graft  was  a  most  unusual 
finding  which  has  not  been  observed  in  autologous  venous  bypass  grafts  studied 
in  this  laboratory. 

Little  is  known  about  the  use  of  heterografts  for  coronary  bypass 
conduits  and  our  patient  is  the  first  reported  necropsy  study  to  our 
knowledge.  A  review  of  published  clinical  and  experimental  data  on  the  use 
of  vascular  heterografts  for  reconstructions  of  larger  caliber  vessels. and 
the  experience  in  our  patient  strongly  suggests,  however,  that  heterografts 
will  not  be  suitable  as  aorto-coronary  bypass  conduits  in  humans. 

Honors  and  Awards:   None 

Publications:   Submitted  to  American  J.  of  Cardiology 
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July  1,  1973  through  June  30,  1974 

Project  Title:   Systemic  Lupus  Erythematosus  as  a  Cause  of  Severe  Mitral 
Regurgitation.  A  New  Problem  in  an  Old  Disease 

Previous  Serial  Number:   None 

Principal  Investigator:   Bernadine  H.  Bulkley,  M.D. 

Other  Investigators:   William  C.  Roberts,  M.D. 

Cooperating  Units:   None 

Project  Description:   Clinical  and  morphologic  observations  are  described  in 
3  patients  with  systemic  lupus  erythematosus  and  severe  mitral  regurgitation. 
The  report  calls  attention  to  the  occurrence  of  "healings"  of  Libman-Sacks 
endocarditis,  an  infrequent  occurrence  in  patients  with  systemic  lupus 
erythematosus  in  the  pre-steroid  therapy  era.   The  mitral  regurgitation  in 
our  patients  appears  to  have  resulted  from  "healing"  by  scarring  and 
calcification  of  the  Libman-Sacks  vegetations,  and  the  healing  is  attributed 
to  long  term  corticosteroid  therapy. 

Honors  and  Awards:   None 

Publications:   American  J.  of  Cardiology  (in  press) 
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July  1,  1973  through  June  30,  1974 

Project  Title:   The  Heart  in  Systemic  Lupus  Erythematosus  and  the  Changes 
Induced  In  it  by  Gorticosteroid  Therapy.  A  Study  of  36 
Necropsy  Patients 

Previous  Serial  Number:   None 

Principal  Investigator:   Bernadine  H.  Bulkley,  M.D. 

Other  Investigators:  William  C.  Roberts,  M.D. 

Cooperating  Units:   None 

Project  Description:   Systemic  lupus  erythematosus  (SLE)  affects  the 
cardiovascular  system  in  a  characteristic  fashion.  The  natural  history  of 
this  entity,  however,  has  been  altered  by  corticosteroid  therapy,  which  also 
exerts  its  own  cardiovascular  effects.   The  present  study  describes  clinical 
and  necropsy  observations  in  36  patients  with  SLE,  all  of  whom  had  been 
treated  with  corticosteroids.  The  findings  are  compared  to  those  reported 
by  others  at  necropsy  in  patients  with  SLE  dying  before  the  advent  of  cortico- 
steroid therapy.  In  addition,  the  effects  of  corticosteroids  on  the  normal 
heart  are  sunmarized. 

The  36  patients  ranged  in  age  from  8-62  years  (avg  32);  33  were 
women.   Systemic  hypertension  was  present  in  25  (69%),  and  left  ventricular 
hypertrophy  in  23  (64%)  patients.   Hypertension  was  twice  as  common  in  the 
19  patients  receiving  corticosteroids  for  >12  months  (avg  38)  compared  to 
the  17  patients  receiving  this  drug  for  <  12  months  (avg  6)  and  was  almost 
5  times  more  common  among  out  patients  than  in  reported  fatal  cases  of  SLE 
dying  in  the  pre-corticosteroid  era.   Congestive  cardiac  failure  occurred 
In  15  patients  (42%),  8  times  more  frequent  than  that  reported  in  non- 
corticosteroid  treated  SLE  patients.   Subepicardial  and  myocardial  fat  was 
increased  in  amount  in  all  36  patients.   Lupus  carditis  was  similar  in 
frequency  but  in  our  patients  compared  to  those  not  treated  with 
corticosteroids.   LibBan- Sacks -type  endocardial  lesions,  present  in  18  (50%) 
of  our  patients,  were  smaller,  fewer  in  number,  univalvular  rather  than 
multivalvular,  mainly  left-sided.  Most  of  the  verrucae  were  either  partly  or 
completely  healed. and  some  were  calcified.   Pericarditis,  present  in  19  (53%) 
patients,  was  predominantly  of  the  fibrous  type.  Myocarditis  was  present  in 
3  patients,  each  of  whom  also  had  endocarditis  and  pericarditis.   The  lumen 
of  at  least  one  of  the  3  major  coronary  arteries  -wa.;  narrowed  >  50%  bv 
atherosclerotic  plaques  in  42%  of  the  18  patients  receiving  corticoi' ei 
for  >1  year,  but  in  none  of  the  17  patients  on  corticosteroids  for     '^  i . 
Four  of  the  8  patients  with  narrowed  coronary  arteries  had  myocardir '  ' uiarcts, 
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Although  vital  to  the  management  of  SLE,  corticosteroids  have  an 
overall  dellterious  effect  on  the  heart.   Systemic  hypertension  and  left 
ventricular  hypertrophy  appear,  or  if  present,  worsen,  congestive  cardiac 
failure  increases,  epicardial  and  myocardial  fat  increases,  and  coronary 
atherosclerosis  is  accelerated. 

Honors  and  Awards:   None 

Publications:   American  J.  Medicine, (in  press) 
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Project  Title:   Dilatation  of  the  Mitral  Anulus:   A  Rare  Cause  of  Mitral 
Regurgitation 

Previous  Serial  Number:   None 

Principal  Investigator:   Bernadine  H.  Bulkley,  M.D. 

Other  Investigators:  William  C.  Roberts,  M.D. 

Cooperating  Units:  None 

-  Project  Description:   Although  for  years  considered  a  cause  of  mitral 
regurgitation  (MR),  anular  dilatation  today  is  considered  an  infrequent  cause 
of  MR.   Supportive  anatomic  evidence  for  this  view,  however,  is  lacking.   To 
determine  whether  or  not  anular  dilatation  is  responsible  for  MR,  the 
circumference  of  the  mitral  anulus  was  measured  in  25  normal  hearts,  and  in 
82  abnormal  hearts,  all  with  dilated  ventricles,  with  and  without  MR.   The 
mitral  anulus  measured  8.0  -  10.5  (avg  9.0)  in  the  25  normals,  9,0  -  13.0 
(avg  11)  in  the  20  patients  with  primary  myocardial  disease  with  and  without 
MR,  9.0  -J  13.0  (avg  11),  in  the  29  patients  with  pure  MR  due  to  abnormalities 
of  leaflet  or  chordae  tendineae,  and  9.5  -  13.0  cm  (avg  11.0)  in  10  patients 
with  pure  aortic  regurgitation  without  MR.   The  mitral  anulus  was  considerabiy 
dilated,  however,  in  2  conditions.   The  mitral  anulus  in  6  patients  with  the 
Marfan  syndrome  without  MR  measured  8-12  cm  (avg  11)  and  in  4  patients  with 
MR  15-19  cm  (avg  16).   The  mitral  anuli  in  13  patients  with  the  floppy  mitral 
valve  syndrome  without  the  Marfans  syndrome  measured  7  to  13  cm  (avg  11.5)  in 
those  without  MR  and  13  to  18  cm  (avg  15.0)  in  those  with  MR. 

Hence,  anular  dilatation  is  an  infrequent  cause  of  MR.   The  anulus 
dilates  up  to  about  25%  in  most  conditions  associated  with  considerable  left 
ventricular  dilatation,  but  this  degree  of  anular  dilatation  by  itself  is 
not  enough  to  cause  MR.   Severe  degrees  of  anular  dilatation  were  observed  in 
patients  with  MR  associated  with  the  Marfan  syndrome,  or  with  floppy  mitral 
valves  without  the  Marfan  sjmdrome.   Thus,  disease  of  the  fibrous  skeleton 
of  the  heart  may  be  necessary  for  the  mitral  anulus  to  dilate  enough  to 
cause  MR. 

Honors  and  Awards:   None 

Publications:   American  J.  Cardiology  33: 129,  1974  (abstract) 
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Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Prosthetic  Aortic  Stenosis.  A  Method  to  Prevent  its 

Occurrence  by  Measurement  of  Aortic  Size  from  Preoperative 
Aortogram 

Previous  Serial  Number:   None 

Principal  Investigator:   Ronald  P.  Seningen,  M.D. 

Other  Investigators:   Bernadine  H.  Bulkley,  M.D. 
William  C.  Roberts,  M.D. 

Cooperating  Units:   Department  of  Diagnostic  Radiology  Clinical  Center, 
National  Institutes  of  Health 

Project  Description:   An  important  but  poorly  appreciated  cause  of  early 
death  after  replacement  of  the  aortic  valve  with  a  rigid-framed  caged-ball 
prosthesis  is  obstruction  to  left  ventricular  outflov  by  the  prosthesis 
itself.   Hemodynamic  documentation  of  prosthetic  aortic  valve  obstruction 
has  been  infrequent.   Diagnosis  of  this  complication,  therefore,  has  been 
made  primarily  at  necropsy.   As  possible  assistance  in  predicting  and  perhaps 
preventing  its  occurrence,  the  sizes  of  the  aortic  roots  measured  by 
preoperative  angiogram  were  compared  to  the  sizes  of  the  implanted  prosthetic 
aortic  poppets  in  patients  with  necropsy-diagnosed  prosthetic  aortic 
obstruction,  and  these  measurements  were  compared  to  those  in  necropsy 
patients  with  replaced  aortic  valves  but  without  prosthetic  obstruction.   Of 
68  patients  dying  within  2  months  of  aortic  valve  replacement,  death  in  10, 
each  of  whom  had  had  intractable  low  cardiac  output  after  operation,  was 
attributed  at  necropsy  to  prosthetic  aortic  stenosis,  despite  the  use  of 
small  sized  (8A  Starr-Edwards)  prostheses  in  7  of  them.   The  diameters  of 
the  aorta  at  the  sinotubular  junction,  determined  from  the  preoperative 
cineangiograms,  in  the  7  patients  with  prosthetic  stenosis  were  <  30  mm. in 
all.   Poppet  clearances,  defined  as  the  differences  between  poppet  and 
aortic  root  diameters,  ranged  from  4  to  12  mm.  (avg  9).   In  contrast,  the 
diameters  of  the  aortas  at  the  sinotubular  junctions  in  8  control  patients 
(non-obstructed  prosthetic  aortic  valves  and  early  death  from  other  causes) 
were  <  30  in  only  one,  and  the  poppet  clearances  in  them  ranged  from  12  to 
19  mm.  (avg  15).   Thus,  prosthetic  aortic  stenosis  is  likely  to  develop  after 
aortic  valve  replacement  with  rigid- framed  caged-ball  valves  if  the  preoperative 
aortograms  disclose  aortic  diameters  at  the  sinotubular  junctions  to  be  <30 
mm.   In  such  patients  the  aorta  must  be  widened  if  a  caged-ball  prosthesis  is 
utilized  or  a  central  flow  valve  must  be  used. 
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Honors  and  Awards:   None 
Publications:   Circulation  (in  press) 


S-19 


Serial  No.      NHLI-228(c) 

1.  ODIR 

2.  Pathology  Section 

3.  Bethesda,    Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Unusual  Nuclear  Alterations 

Previous  Serial  Number:   None 

Principal  Investigator:   L.  Maximilian  Buja,  M.D. 

Other  Investigators:   Victor  J.  Ferrans,  M.D.,  Ph.D. 
Alan  S.  Rabson,  M.D. 

Cooperating  Units:   Laboratory  of  Pathology,  National  Cancer  Institute 

Project  Description:   This  report  documents  the  occurrence  of  unusual  nuclear 
Alterations  in  hearts  of  6  of  13  cancer  patients  who  were  treated  with  high 
total  doses  of  antineoplastic  antibiotics  (daunorubicin  and  adriamycin)  of 
the  anthracycline  family.   The  nuclear  alterations  consisted  of  replacement 
of  chromatin  by  palely  stained  fibrous  and  filamentous  material.   These 
alterations  were  interpreted  as  representing  various  stages  in  the  uncoiling 
and  unraveling  of  chromatin  due  to  binding  (intercalation)  of  anthracycline 
to  DNA.   This  interpretation  was  supported  by  in  vitro  studies  in  which 
similar  nuclear  alterations  were  produced  in  slices  of  monkey  myocardium 
incubated  in  tissue  culture  media  containing  0.1  to  5  pg/ml  of  daunorubicin. 
It  was  proposed  that  the  nuclear  lesions  represent  the  most  severe  stages 
of  DNA  alterations  induced  by  anthracyc lines,  and  that  such  alterations  are 
of  the  clinically  documented  delayed  cardiotoxicity  associated  with  these 
drugs. 

Honors  and  Awards:   None 

Publications:   Lancet  1:402-403,  1974 
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PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Drug-Induced  Cardiomyopathies 

Previous  Serial  Number:   None 

Principal  Investigator:   L.  Maximilian  Buja,  M.D. 

Other  Investigators:   Victor  J.  Ferrans,  M.D.,  Ph.D. 
William  C.  Roberts,  M.D. 

Cooperating  Units:  None 

Project  Description:   This  study  reviews  the  subject  of  drug-induced  cardio- 
myopathies for  purposes  of:   1)  comparison  of  different  types  of  drug- 
associated  cardiac  Illnesses  in  man  and,  2)  delineation  of  the  relationship 
of  these  human  syndromes  to  those  produced  in  experimental  animals.   Four 
types  of  drug-associated  cardiac  diseases  are  described:   acute  toxic  or 
allergic  cardiomyopathy,  cobalt  cardiomyopathy,  alcoholic  cardiomyopathy  and 
anthracycllne  cardiomyopathy.   Cardiomyopathies  produced  by  most  cardiotoxic 
drugs  have  the  features  of  either  an  acute  toxic  or  an  acute  allergic  reaction. 
Cobal^  cardiomyopathy  represents  a  type  of  congestive  cardiomyopathy  with  a 
rapidly  progressive  clinical  course,  whereas  alcoholic  cardiomyopathy  is  a 
congestive  cardiomyopathy  with  a  subacute  or  chronic  course.   The  latter  two 
types  of  cardiomyopathy  probably  result  from  an  interplay  of  chemical  toxicity 
with  other  factors,  such  as  malnutrition  and  viral  infection.   The  recently 
recognized  cardiomyopathy  produced  by  high  doses  of  antineoplastic  antibiotics 
of  the  anthracycllne  family  is  a  congestive  cardiomyopathy  which  occurs  as  a 
delayed  response  to  the  cumulative  effects  of  these  drugs.   Anthracycllne 
cardiomyopathy  may  serve  as  a  model  for  the  study  of  human  primary  myocardial 
disease. 

Honors  and  Awards:   None 

Publications:   To  be  published  as  a  chapter  in  Homberger,  F.  (Ed.): 

Comparative  Pathology  of  the  Heart,  Basel/New  York,  S.  Karger 
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Project  Title:  Myocardial  Injury  Produced  by  Antineoplastic  Drugs 

Previous  Serial  No;   None 

Principal  Investigator:   L.  Maximilian  Buja,  M.D. 

Other  Investigators:   Victor  J.  Eerrans,  M.D.,  Ri.D. 

Cooperating  Units:   None 

Project  Description:   Histologic  and  ultrastructural  studies  were  performed 
on  the  hearts  of  16  patients  with  fatal  leukemias  or  solid  tumors.  Multifocal 
myocardial  degenerative  lesions  were  found  in  12  patients  treated  with  high 
total  doses  of  antineoplastic  antibiotic  (daunorubicin  and  adriamycin)  of  the 
anthracycline  family,  but  not  in  3  patients  who  did  not  receive  such  therapy. 
The  degenerative  lesions  were  characterized  by:  1)  hyalinization  of  myofibrils; 
2)  lysis  of  myofibrils  with  selective  loss  of  myosin  filaments;  3)  degeneration 
of  mitochondria  with  replacement  by  myelin^f igures  and,  4)  replacement  of 
nuclear  chromatin  by  fibrous  and  filamentous  material.   The  latter  alteration 
was  interpreted  as  unraveling  and  uncorking  of  chromatin  due  to  binding  of 
anthracyclines  to  DNA.   One  patient  who  received  a  high  dose  of  cyclophosph- 
amide as  well  as  a  high  dose  of  daunorubicin  exhibited  extensive  hemorrhagic 
myocardial  necrosis  in  addition  to  the  multifocal  degenerative  lesions , 
described  above.   This  study  documents  the  cardiotoxic  effects  of  anthracyclines 
and  of  high  dose  cyclophosphamide. 

Honors  and  Awards:   None  , 

Publications:   To  be  published  as  a  chapter  in  Fleckenstein,  A.  (Ed.): 

Myocardial  Cell  Damage,  Recent  Advances  in  Studies  on  Cardiac 
Structure  and  Metabolism,  Vol.V,  Baltimore,  University  Park 
Press. 
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Project  Title:   Cardiac  Pathologic  Findings  in  Patients  Treated  With  Bone 
Marrow  Transplantation 

Previous  Serial  Number:   None 

Principal  Investigator:  L.  Maximilian  Buja,  M.D. 

Other  Investigators:  Victor  J.  Ferrans,  M.D.,  Ri.D. 
Robert  G.  Graw,  Jr.,  M.D. 

Cooperating  Units:   Experimental  Hematology  Section,  Pediatric  Oncology 
Branch,  National  Cancer  Institute 

Project  Description:  Cardiac  pathologic  findings  were  analyzed  in  20 
necropsied  patients  from  a  series  of  26  patients  with  leukemia,  aplastic 
anemia,  immune  deficiency  disease  or  metastatic  cancer  who  had  been  treated 
with  bone  marrow  transplantation.  Most  cardiac  alterations  were  similar  to 
those  which  occur  in  patients  with  hematologic  and  neoplastic  diseases  who 
have  not  been  treated  with  bone  marrow  transplantation,  and  consisted  of: 
hemorrhage  (12  patients},  foci  of  necrosis  associated  with  sepsis  (9  patients), 
myocardial  abscesses  (4  patients),  infective  endocarditis  (1  patient)  and 
hemosiderosis  (1  patient).   Other  cardiac  alterations  were  more  specifically 
related  to  bone  marrow  transplantation.   Six  patients  exhibited  a  distinctive 
interstitial  reactive  change  characterized  by  the  presence  of  a  pleomorphic 
population  of  lymphoid,  histiocytic  and  Anitschkow  cells.   This  alteration 
may  have  been  Induced  by  abnormal  immune  mechanisms,  as  suggested  by  the 
observation  that  5  of  the  6  patients  with  interstitial  change  had  clinical 
evidence  of  graft-versus-host  disease.   Two  patients  developed  fatal  cardiac 
failure  in  the  post-transplant  period,  and  exhibited  myocardial  damage  with 
histologic  and  ultrastructural  features  indicative  of  severe  acute  injury. 
Findings  in  these  Z   patients  consisted  of:   1)  necrotic  muscle  cells  which 
exhibited  multiple  contraction  bands,  diastase-resistant  PAS  staining  and 
intracellular  fibrin  deposits;  2)  microthrombi  which  were  composed  of  fibrin 
and,  occasionally,  of  fibrin  and  platelets,  and  3)  extravasated  erythrocytes 
and  fibrin  strands  in  Interstitlum.  Clinicopathologic  analysis  strongly 
suggested  that  the  fatal  cardiotoxicity  in  both  patients  resulted  primarily 
from  effects  of  high  doses  of  cyclophosphamide  (180  mg/kg  and  270  mg/kg) 
which  were  administered  as  part  of  a  newly  developed  regimen  of  combination 
chemotherapy- Immunosuppression  (B.A.C.T,),   Our  findings  emphasize  the  need 
for  more  effective  and  less  toxic  antineoplastic  an!  imraunosupi  ressiv(  '"^    "^"v 
for  patients  who  require  bone  marrow  transplantation. 
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Honors   and  Awards:      None 

Publications:      Manuscript   submitted  to  Human  Pathology 
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Project  Title:   Intracytoplasmic  Junctions  in  Cardiac  Muscle  Cells 

Previous  Serial  No;  None 

Principal  Investigator:  L.  Maximilian  Buja,  M.D. 

Other  Investigators:  Victor  J.  Ferrans,  M.D.,  Ri.D. 
Barry  J.  Maron,  M.D, 

Cooperating  Units:  Cardiology  Branch,  National  Heart  and  Lung  Institute 

Project  Description:  Junctional  structures  formed  by  two  parts  of  the  plasma 
membrane  of  the  same  cardiac  muscle  cell  were  observed  in  ventricular  myo- 
cardium of:  a)  7  o£   39  patients  with  neoplasms,  aortic  valvular  disease  or 
Idiopathic  hypertrophic  subaortic  stenosis  and,  b)  5  of  23  dogs  subjected  to 
prolonged  normothermic  anoxic  cardiac  arrest.  Most  of  these  structures  had 
features  of  desmosomes,  fasciae  adherentes  and  nexuses,  and,  therefore, 
resembled  intercalated  discs.  These  intracytoplasmic  junctions  were  localized 
to:  a)  the  ji>^dpheral  cytoplasm  at  the  sides  or  ends  of  cells,  b)  narrow 
invaginations  of  plasma  membranes,  c)  narrow  zones  of  deep,  broad  plasmalemsMl 
invaginations  and  d)  narrow  branches  of  T  tubules.   In  patients  with  idiopathic 
hypertrophic  subaortic  stenosis  or  aortic  valvular  disease  and  in  the  dogs 
subjected  to  anoxic  cardiac  arrest,  intracytoplasmic  junctions  were  observed 
In  hypertrophied  or  degenerated  muscle  6ells  which  were  located  in  areas  of 
fibrosis  and  which  showed  loss  of  contact  with  adjacent  cells.   In  patients 
with  neoplasms,  intracytoplasmic  junctions  were  found  in  degenerated  cells 
which  were  located  in  areas  of  interstitial  edema  and  which  also  showed  loss 
of  contact  with  adjacent  cells.  Our  observations  suggested  that  remodeling 
of  cell  surfaces  following  loss  of  intercellular  contact  is  the  most  likely 
mechanism  of  formation  of  intracytoplasmic  junctions.   Our  findings  also 
indicated  that  disruption  of  intercellular  adhesion  is  a  basic  mechanism 
leading  to  degeneration  of  cardiac  muscle  cells. 

Honors  and  Awards:   None 

Publications:  American  Journal  of  Pathology  74:613-648,  1974 
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Project  Title:   Sarcoletnmal  Alterations  in  Cardiac  Hypertrophy  and 
Degeneration 

Previous  Serial  Number:   None   / 

Principal  Investigator:   Victor  J.  Ferrans,  M,D.,  Hi.D. 

Other  Investigators:   L.  Maximilian  Buja  and  Barry  J.  Maron 

Cooperating  Units:   Cardiology  Branch,  NHLI 

Project  Description:   Sarcolemmal  alterations  were  studied  in  hypertrophied 
and/or  degenerated  ventricular  muscle  cells  from:   1)  patients  with  hyper- 
trophic cardiomyopathy,  congestive  cardiomyopathy  of  various  causes,  aortic 
valvular  disease  or  congenital  heart  diseases  associated  with  obstruction  to 
right  ventricular  outflow;  2)  patients  with  various  neoplasms  treated  with 
anthracycline  drugs;  3)  rabbits  given  large  doses  of  anthracyc lines,  and  4) 
dogs  subjected  to  anoxic  cardiac  arrest  during  total  cardiopulmonary  bypass. 

Sarcolemmal  changes  in  hypertrophied,  non-degenerated  cardiac  muscle 
cells  consisted  of:   1)  increase  in  the  area  and  in  the  degree  of  irregularity 
of  cell  surfaces,  including  intercalated  discs  and  T  tubules;  2)  dilatation 
of  T  tubules,  with  frequent  presence  of  microfibrils  in  their  lumina,  and  3) 
formation  of  large  numbers  of  multiple  intercalated  discs,  defined  as  2 
parallel  segments  of  intercalated  discs  separated  by  10  or  less  sarcomeres. 

Moderately  degenerated  cardiac  muscle  cells,  with  or  without  associated 
hypertrophy,  showed  sarcolemmal  changes  characterized  by:   1)  dilatation  and 
decreased  numbers  of  T  tubules;  2)  marked  surface  irregularity;  and  3) 
dissociation  of  intercalated  discs,  associated  with  development  of  vesicles 
in  widened  disc  interspaces  and  of  variably  complex  junctional  structures 
formed  between  2  parts  of  the  plasma  membrane  of  the  same  muscle  cell 
(intracytoplasmic  junctions). 

Sarcolemmal  alterations  in  cells  with  end-stage  degeneration  were:   1) 
disappearance  of  T  tubules;  2)  loss  of  junctional  contacts  with  adjacent 
cells;  3)  marked  surface  irregularity;  4)  formation  of  intracytoplasmic 
junctions,  and  5)  thickening  of  basement  membranes.   These  changes  were 
associated  with  loss  of  myofibrils.   The  occurrence  of  these  alterations  in 
various  types  of  cardiac  hypertrophy  and  damage  indicates  that  remodeling 
of  the  cell  surfaces,  including  specialized  areas  such  as  transverse  tubular 
system  and  intercellular  junctions,  are  important  features  of  cellular 
responses  to  the  stimuli  of  hypertrophy  or  degeneration. 
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Honors  and  Awards:   None 


Bubllcatlons:   To  be  published  as  book  chapter  in  "Cardiac  Contraction", 
P.  E.  Roy,  Editor,  University  Park  Press,  Baltimore 
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July  1,  1973  through  June  30,  1974 

Project  Title:   Ultrastructure  of  Endocardial  Plaques  in  Carcinoid  Heart 
Disease 

Previous  Serial  No;   None 

Principal  Investigator:   Victor  J.  Ferrans,  M.D.,  Hi.D. 

Other  Investigators:   William  C.  Roberts,  M.D. 

Cooperating  Units:   None 

Project  Description:   The  carcinoid  syndrome  is  associated  with  pathognomonic 
cardiac  lesions  which  consist  of  plaque-like  fibrous  thickenings  in  mural  and 
valvular  endocardium.   Ultrastructural  study  of  these  plaques  in  right  atrium 
(2  patients)  and  tricuspid  and  pulmonic  valve  (1  patient)  showed  similar 
features.  Most  cellular  elements  were  mature  smooth  muscle  cells  which 
varied  from  fusiform  to  stellate  in  shape  and  had  greatly  thickened, 
reduplicated  basement  membranes.   Extracellular  components  consisted  of: 
layers  of  normal-appearing  collagen  fibrils  oriented  parallel  to  the  surfaces 
of  the  plaques  and  arranged  in  a  cross-weaving  pattern;  100  to  200  A  diameter 
iiiictofi,bkils;  layers  of  fibrillar  material  similar  to  basement  membranes  of 
smooth  muscle  cells,  and  dense  spicules,  150  A  diameter  and  up  to  800  A  in 
length.   No  elastic  fibers  or  fibrin  deposits  were  found.   These  findings 
suggest  that  carcinoid  plaques  result  from  stimulation  of  endocardial  smooth 
muscle  cells  to  produce  collagen  and  basement  membrane- like  material;  such 
stimulation  may  be  intermittent,  as  evidenced  by  the  layered  arrangement 
of  the  plaques. 

Honors  and  Awards:   None 

Publications:   Circulation,  November  1973  (abstract) 


S«8 


Serial  No.      NHLI-235(c) 


1 .  ODIR 

2.  Pathology  Section 

3.  Bethesda,   Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Cardiac  Morphologic  Changes  Produced  by  Ethanol 

Previous  Serial  No;   None 

Principal  Investigator:   Victor  J.  Ferrans,  M.D.,  Hi.D. 

Other  Investigators:   L.  Maximilian  Buijia,  M.D., 
William  C.  Roberts,  M.D. 

Cooperating  Units:   None 

Project  Description:   This  study  presents  1)  new  ultrastructural  observations 
(showing  varying  degrees  of  swelling  of  sarcoplasmic  reticulum,  mitochondrial 
damage,  dilatation  of  T  tubules,  lipid  accumulation,  myofibrillar  lysis  and 
interstitial  fibrosis)  made  on  myocardial  biopsies  from  patients  with 
congestive  cardiomyopathy  and  chronic  alcoholism,  and  2)  a  comprehensive 
review  of  all  cardiac  morphologic  bhanges  produced  by  the  acute  and  chronic 
ingestion  of  large  amounts  of  alcohol  alone  and  alcohol  plus  cobalt-containing 
compounds  (cobalt-beer  cardiomyopathy)  in  humans  and  experimental  animals. 

Honors  and  Awards:   None 

Publications:   Alcohol,  Nutrition  and  Protein  Synthesis.  M.  Rothschild, 

S.  Schreiber  and  M.  Oratz,  Editors.   Pergamon  Press,  New  York 
(in  press). 


SS? 


Serial  No.   NHLI-236(c) 

1.  ODIR 

2.  Pathology  Section 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Ultrastructural  Studies  of  Tangier  Disease 

Previous  Serial  Number:   NHLI-243(c) 

Principal  Investigator:   Victor  J.  Ferrans,  M.D.,  Ri.D. 

Other  Investigators:   Donald  S.  Fredrickson,  M.D. 
Robert  I.  Levy,  M.D. 
William  C.  Roberts,  M.D. 

Cooperating  Units:  Molecular  Disease  Branch,  National  Heart  and  Lung  Institute 

Project  Description:   Histologic,  histocheraical  and  electron  microscopic 
studies  were  made  of  bone  marrow,  tonsil  and  jejunum  from  patients  with 
Tangier  disease.   The  foam  cells  in  these  3  types  of  tissues  contained  4 
morphologically  distinct  types  of  lipid  inclusions:   1)  crystals  of 
cholesteryl  esters;  2)  droplets  which  were  composed  of  mixtures  of  cholesteryl 
esters  and  triglycerides;  3)  ceroid,  and  4)  particles  which  corresponded  in 
size  to  plasma  chylomicrons  and  very  low  density  lipoproteins  (VLDL). 
Detailed  comparisons  were  made  of  the  ultrastructure  and  histochemistry  of 
foam  cells  in  Tangier  disease  and  in  other  lipid  storage  diseases.   Examination 
of  small,  unmyelinated  nerves  in  jejunal  mucosa  and  submucosa  revealed  the 
presence  of  lipid  deposits  to  the  polyneuropathy  which  develops  in  patients 
with  Tangier  disease  was  discussed  in  detail.   Plasma  chylomicrons  and  VLDL 
are  considered  to  be  important  sources  of  the  lipid  which  accumulates  in 
foam  cells  in  Tangier  disease. 

Honors  and  Awards:   None 

Publications:   To  be  submitted  to  Human  Pathology 
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Serial  No.    NHLI-237(c) 

1.  ODIR 

2.  Pathology  Section 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Intranuclear  Glycogen  Deposits  in  Human  Cardiac  Muscle  Cells: 
Ultrastructure  and  Cytochemistry 

Previous  Serial  Number:   None 

Principal  Investigator:   Victor  J.  Ferrans,  M.D.,  Ri.D. 

Other  Investigators:  Barry  J.  Maron,  M.D. 

L.  Maximilian  Buja,  M.D. 

Nayab  All,  M.D. 

William  C.  Roberts,  M.D. 

Cooperating  Units:   Cardiology  Branch,  National  Heart  and  Lung  Institute  and 
Cardiac  Laboratory,  District  of  Columbia  General  Hospital 

Project  Description:  Ultrastructural  and  cytochemical  studies  of  myocardial 
biopsies  disclosed  the  presence  of  glycogen  deposits  within  nuclei  of  hyper- 
trophled  and  normal-sized  cardiac  muscle  cells  in  6  (7%)  of  90  patients  with 
various  cardiac  diseases.   Intranuclear  glycogen  appeared  as  ^-particles, 
160  to  360  A  in  diameter, which  either  formed  small  aggregates  or  were  dis- 
persed in  the  nucleoplasm.   Cells  containing  intranuclear  glycogen  did  not 
show  damage  or  degeneration.  Glycogen  particles  in  the  cytoplasm  of  these 
cells  were  of  the  same  size  and  appearance  as  those  in  the  nuclei.  Criteria 
for  the  ultrastructural  identification  of  intranuclear  glycogen  are  proposed, 
and  it  concluded  that  under  certain  conditions  the  nuclei  of  cardiac  muscle 
cells  can  acquire  the  capacity  to  synthesize  glycogen. 

Honors  and  Awards:   None 

Publications:   Study  submitted  for  publication  in  the  Journal  of  Molecular 
and  Cellular  Cardiology 
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July  1,  1973  through  June  30,  1974 

Project  Title:  Myofibrillar  Abnormalities  Following  Cardiac  Muscle  Cell 
Injury 

Previous  Serial  No:   None 

Principal  Investigator:   Victor  J.  Ferrans,  M.D.,  Ph.D. 

Other  Investigators:   L,  Maximilian  Buja,  M.D,^ 
Barry  J.  Maron,  M.D. 

Cooperating  Units:   Cardiology  Branch,  NHLI 

Project  Description:   This  study  presents  a  detailed  review  of  ultrastructural 
alterations  known  to  involve  myofibrils  of  cardiac  muscle  cells.   These 
alterations  are  classified  according  to  whether  they  affect  1)  the  structure 
or  composition  of  myofibrils  and  2)  their  orientation  within  the  cells. 
Abnormalities  of  structure  or  composition  include  those  seen  in  association 
with:   1)  coagulation  necrosis;  2)  necrosis  with  contraction  bands;  3) 
hyalinization,  and  4)  various  types  of  myofibrillar  degeneration  which 
preferentially  affect  the  Z  bands,  the  actin  filaments  or  the  myosin  filaments. 
The  following  conclusions  are  drawn  from  the  observations  discussed  in  this 
review:  1)  Selective  alterations  involving  thick  filaments,  thin  filaments 
and  Z  bands  occur  under  different  conditions  of  damage.   2)  Aggregations  of 
Z  band  material  are  present  in  cells  undergoing  atrophy,  degeneration  or 
hypertrophy.   3)  Maintenance  of  normal  sarcomeric  structure  probably  requires 
a  state  of  equilibrium  of  mechanical  and  biochemical  forces  in  the  cell.   4) 
Morphologic  features  of  early  stages  of  necrosis  are  determined  by  the 
specific  conditions  under  which  necrosis  occurs.   The  extent  to  which  tissue 
is  perfused  during  the  development  of  irreversible  injury  is  critical  in  this 
respect.   5)  Alterations  in  myofibrillar  orientation  are  associated  with 
unusual  or  abnormal  patterns  of  mechanical  forces,  and  are  a  prominent 
feature  of  hypertrophic  cardiomyopathy. 

Honors  and  Awards:   None 

Publications:   Book  chapter  in  Myocardial  Cell  Damage,  A.  Fleckenstein, 
Editor,  University  Park  Press,  Baltimore 
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ANNUAL  REPORT  OF  THE 

SECTION  ON  THEORETICAL  BIOPHYSICS 

OFFICE  OF  THE  DIRECTOR  OF  INTRAMURAL  RESEARCH 

NATIONAL  HEART  AND  LUNG  INSTITUTE 

July  1,  1973  through  June  30,1974 

The  primary  interest  of  the  Section  on  Theoretical  Biophysics  is  the 
theory  of  transport  processes  in  biological  systems,  with  particular  reference 
to  problems  in  cardiovascular,  renal,  and  membrane  physiology.   The  section 
is  concerned  both  with  the  formulation  of  theoretical  models  and  with  the 
development  of  mathematical  cind  computational  methods  for  their  analyis. 
Currently  much  of  the  research  in  the  section  centers  on  the  mechcinism  of 
urine  formation  in  the  mammalian  kidney. 

Theoretical  models  of  the  renal  counterflow  system: 

During  the  past  year,  work  on  the  theoretical  analysis  of  the  concen- 
tration of  urine  by  the  medullary  counterflow  system  has  been  extended.   In 
previous  work  the  intricate  counterflow  system  of  the  renal  medulla  was 
idealized  to  a  four-tube  "central-core"  model.   In  this  model,  a  single 
tube,  closed  at  the  papillary  end  and  open  at  the  cortical,  corresponds  to  the 
central  vascular  core  (VC) ,  formed  by  the  ascending  vasa  recta  (AVR)  and 
descending  vasa  recta  (DVR) ,  and  surrounding  interstitial  space  (INT) .  Three 
peurallel  flow  tubes,  which  can  exchange  with  the  VC  and  with  each  other, 
correspond  to  ascending  limbs  of  Henle ' s  loops  (AHL) ,  descending  linibs  of 
Henle's  loops  (DHL),  and  collecting  ducts  (CD).   In  past  work,  under  the 
idealizing  assumption  that  total  osmolality  of  the  fluid  in  VC,  DHL,  and  CD  is 
the  same  at  each  medullary  level,  exact  analytical  solutions  of  the 
differential  equations  describing  water  and  solute  movement  in  the  system  were 
obtained  for  a  single  solute,  and  approximate  analytical  solutions  were 
obtained  for  two  solutes.   From  these  solutions  it  was  possible  for  the  first 
time  to  give  a  coherent  analysis  of  the  concentration  of  urine  in  a  model  that 
included  salt,  water,  and  urea  movement.  Among  the  principal  results  of  this 
study  of  the  central-core  model  have  been  1)  an  analysis  of  the  behavior  of 
the  system  for  solute  cycling,  water  extracting,  and  mixed  modes  of 
operation,  2)  a  study  of  concentration  profiles  and  energetic  requirements  for 
different  pump  kinetics  in  AHL,  and  3)  a  new  understanding  of  the  role  of  urea 
in  the  concentrating  mechanism:  The  model  predicts  that  urea  entering  the 
core  from  the  CD  will  cause  volume  expansion  of  the  fluid  in  the  core.  This 
reduces  the  salt  concentration  in  the  core,   and  at  least  theoretically  it  may 
be  less  than  the  salt  concentration  in  AHL,  so  inducing  a  passive  solute 
soiirce  out  of  T^HL. 

Verification  of  the  hypothesis  that  the  highly  organized  counterflow 
system  of  the  renal  medulla  constitutes  a  functional  nephrovascular  unit 
whose  general  mode  of  operation  parallels  that  of  the  central -core  model  and 
approaches  it  as  a  limiting  case  requires  Lhe  formulaltion  cind  analysis  of 
more  realistic  models.   Previously,  we  have  made  an  approximate  analytic 
emalysis  of  nephrovascular  coupling  and  have  shown  that  as  the  efficionc 
vascular  exchange  increases  behavior  of  the  system  approaches  that  o±      no 
ideal  central  core  model.  We  have  now  carried  out  a  general  kinetic  and 
thermodynamic  analyis  of  coupled  models.   In  general  the  differential 
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equations  describing  these  models  cannot  be  solved  analytically,  but  must  be 
approximated  by  finite  difference  eqations  that  are  solved  numerically.   This 
work  will  be  described  below.   A  principal  result  of  this  theoretical  analysis 
was  a  general  balance  equation  that  relates  the  net  rate  of  free  energy 
outflow  from  the  medulla  via  the  various  flow  tubes  traversing  it  to  the  rate 
at  which  free  energy  is  being  created  or  dissipated  by  transport  of  solutes 
and  water  across  the  membranes  separating  the  tubes.   If  the  transmural  fluxes 
and  concentration  profiles  are  known  from  solutions  of  the  differential 
equations  describing  the  system,  then  the  power  utilized  in  various  process, 
in  particular,  solute  concentration  vs.  membrane  transport,  can  be  computed. 

Computational  results: 

A  major  problem  in  the  analyis  of  the  medullary  counterflow  system  has 
been  the  lack  of  adequate  numerical  methods  for  solving  the  differential 
equations  describing  it.   Mathematically  we  have  a  two  point  boundary  value 
problem  with  conditions  on  flows,  concentrations,  and  pressures  to  be  met  at 
both  the  corticomedullary  junction  and  the  papillary  end  of  the  system. 
So-called  "shooting  methods"  in  which  conditions  at  one  end  are  adjusted  until 
solutions  of  the  equations  satisfy  the  conditions  at  the  other  end,  have 
proved  unsatisfactory,   being  generally  unstable.   The  obvious  alternative  is 
to  formulate  an  equivalent  set  of  difference  equations  that  satisfy  the  same 
boundary  conditions  and  to  solve  these.   This  leads  to  a  large  set  of 
non-linear  algebraic  equations  that  must  be  solved  simultaneously  by  some 
iterative  technique.    We  attacked  this  problem  this  year  and  have  solved  it 
successfully.   We  now  have  some  higly  efficient  iterative  methods  that  will 
handle  up  to  two  to  three  hundred  equations .   This  means  that  we  can  study  the 
behavior  of  five  and  six  tube  models  with  two  or  three  variables,  since  each 
tube,  spatial  segment,  and  variable  leads  to  one  equation.   Thus  a  five  tube 
model,  with  two  variables,  and  the  medulla  divided  into  ten  axial  segments 
leads  to  one  hundred  equations.   With  slight  modifications  the  methods  are 
applicable  to  both  steady-state  and  transient  problems.   Using  these  methods 
we  have  now  studied  the  behavior  of  a  number  of  different  models. 

In  all  of  the  models  so  far  studied,  we  have  found  that  as  the  exchange 
efficiency  of  the  nephrovascular  coupling  increases,  the  behavior  of  the 
system  approaches  that  of  the  equivalent  central  core  model.   This  strongly 
supports  our  hypothesis  that  the  central  core  model  is  the  prototype  for 
medullary  function,   and  that  concentration  in  an  actual  system  approaches 
that  in  the  analogous  central  core  system  as  a  limiting  case. 

Numerical  solutions  for  models  including  salt,  water,  and  urea  movement 
in  DHL,  AHL,  AVR,  DVR,  CD,  and  distal  cortical  nephrons  have  confirmed  that 
concentration  in  the  inner  medulla  can  be  by  salt  and  urea  mixing,  with  no 
active  transport  out  of  thin  AHL. 

Finally,  by  combining  the  nvimerical  solutions  with  the  general  thermo- 
dynamic analysis  it  has  been  possible  to  calculate  in  a  given  model  the 
relative  fractions  of  power  used  in  increasing  the  free  energy  of  the  solutes 
in  the  final  urine  and  dissipated  in  frictional  resistance  to  the  trans- 
membrane transport  of  solutes  and  water. 
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July  1,  1973  through  June  30,  1974 

Project  Title:  Mathematical  Theory  of  Renal  Function 

Previous  Serial  Number:   NHLI-222 

Principal  Investigator:   John  L.  Stephenson,  M.D. 

Other  Investigators:   Raymond  Mejia 

Cooperating  Units:  NIAMDD,   Office  of  Mathematical  Research 

Project  Description: 

Objectives:   The  primary  purpose  of  this  project. is  to  develop  the  general 
theory  of  the  transport  and  flow  processes  taking  place  in  the  kidney.   This 
theory  provides  the  general  basis  for  quantitative  models  of  renal  function. 
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Major  findings:   Some  of  the  earlier  work  on  analytical  solutions  of 
counterflow  systems  has  been  extended,  and  a  general  thermodynamic  analysis  of 
free  energy  balance  in  renal  counterflow  systems  was  carried  out.   The 
principal  result  of  the  latter  was  a  general  balance  equation  that  relates  the 
net  rate  of  free  energy  outflow  from  the  medulla  via  the  various  flow  tiibes 
traversing  it,  to  the  rate  at  which  free  energy  is  being  created  or  dissipated 
by  transport  of  solutes  and  water  across  the  membranes  separating  the  tubes. 
If  the  transmembrane  fluxes  and  concentration  profiles  are  known  from 
solutions  of  the  differential  equations  describing  the  system,  then  the  power 
utilized  in  various  processes,  in  particular  solute  concentration  vs.  membrane 
transport,  can  be  computed. 

Significance  to  biomedical  research:  This  work  gives  conceptual  insight 
into  renal  function  and  provides  the  basis  for  quantitative  models  of  renal 
function . 

Proposed  course:   At  present  we  are  beginning  to  work  on  the  general 
problem  of  solute  and  water  transport  through  a  composite  membrane  system. 
This  has  application  both  to  the  general  problem  of  epithelial  transport  and 
the  question  in  the  medullary  counterflow  system  of  the  extent  to  which 
composite  membranes  can  be  merged  into  single  membranes.   In  other  words  can 
tubes  be  considered  to  exchange  directly  with  each  other  instead  of  via  an 
intersitital  space.   In  addition,  work  on  the  mathematical  theory  of  renal 
function  will  continue  in  the  following  general  areas: 
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1.  The  general  theoretical  analyis  of  the  non-linear  partial  and  ordinary 
differential  equations  occurring  in  mathematical  models  of  the  kidney. 

2.  The  development  of  efficient  numerical  methods  for  solving  these 
equations . 

3.  The  development  of  methods  of  parameter  analysis  for  mathematical  models 
of  the  kidney. 

4.  The  development  and  analysis  of  models  of  control  mechanisms  of  the 
kidney. 

Honors  and  Awards :    None 

Publications : 

Stephenson ,  J .  L . :  The  mathematical  theory  of  renal  function .  In  Brown , 
J.H.U.,  and  Gann,  D.S.  (Eds.)  Engineering  Principles  in  Physiology.  New 
York  and  London,  Academic  Press,  Inc.,  1973,  Vol.  2,  pp.   283-320. 

Stephenson,  J.  L.:  Transient  behavior  of  the  single  loop  solute  cycling 
countercurrent  multiplier.  Bulletin  of  Mathematical  Biology  35:183-194, 
1973. 

Stephenson,  J.  L.:   Concentrating  engines  and  the  kidney:   I.   Central 
core  model  of  the  renal  medulla.   Biophysical  J.  13:512-545,  1973. 

Stephenson,  J.  L.:   Concentrating  engines  and  the  kidney:   II. 
Multisolute  central  core  systems.   Biophysical  J.  13:546-567,  1973. 

Stephenson,  J.  L.:   Free  energy  balance  in  renal  coun-f-erflow  systems. 
Math.  Biosciences  (In  press.) 
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Project  Description: 


Objectives:   The  purpose  of  this  project  is  to  develop  a  computer 
simulation  of  the  mammalian  kidney  that  gives  a  realistic  description  of 
steady  state  and  transient  transport  of  electrolytes,  non-electrolytes,  and 
water.   This  will  allow  the  correlation  of  rnicropuncture  and  macroscopic 
clearance  data  with  membrane  transport  characteristics. 
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Methods:  For  the  first  time,  practical  numerical  methods  have  been 
developed  for  solving  both  the  steady  state  eind  transient  differential 
equations  of  the  medullary  counterflow  system.  With  these  methods  it  has  been 
possible  to  examine  and  to  compare  the  behavior  of  various  models  of  the 
concentrating  mechanism. 

1)  Steady  state  solutions:   In  collaboration  with  R.  Tewarson  (SUNY) ,  we  have 
developed  a  modified  Newton-Raphson  solution  method.   The  differential 
equations  are  replaced  by  an  approximating  set  of  difference  equations  with 
equivalent  boundary  conditions.   These  bovmdary  conditions  are  that  flows, 
concentrations,  and  pressures  are  specified  at  the  cortico-medullary  border 
for  descending  Henle's  limb  and  descending  vasa  recta,  and  that  flows 
concentrations,  and  pressures  match  at  the  bends  of  the  papillary  loops  of 
capillaries  and  nephrons.   Profiles  of  concentrations  and  pressures  are  then 
assumed  in  all  of  the  various  medullary  structures.  Parameters  defining 
transmural  trasport  are  assumed  for  the  various  structures,  and  transmural 
solute  and  volume  fluxes  are  computed  in  all  of  the  structures.   These  fluxes 
are  used  to  compute  the  axial  solute  and  volume  flows .   The  condition  for  a 
solution  is  that  concentrations,  axial  flows,  and  transmural  fluxes  satisfy 
mass  balance  to  some  preset  tolerance  (usually  10   entering  descending 
Henle's  limb  flow)  when  substituted  in  the  difference  equations.   The 
estimated  profiles  are  iteratively  improved  by  a  modified  Newton's  method 
until  the  tolerance  is  met  in  each  spatial  segment  of  each  tube. 

2)  Transient  solutions:   Three  independent  methods  have  been  developed  for 
numerically  solving  the  partial  differential  equations  describing  the 
transient  behavior  of  the  system.   The  first  is  a  direct  extension  of  the 
Newton  method  described  above.   The  only  modification  is  to  introduce  a 
spatially  averaged  backward  difference  quotient  for  the  time  derivative  of  the 
concentrations  into  the  difference  equations.    Only  this  quotient  contains 
current  values  of  the  concentrations.   Transmural  fluxes  and  axial  flows  are 
computed  from  estimated  concentration  profiles  at  the  incremented  time  value. 
These  are  iteratively  improved  until  the  difference  equations  are  satisfied  to 
a  preset  tolerance.   This  method  contrasts  with  the  usual  "explicit"  methods 
in  which  only  the  time  derivative  contains  the  new  concentrations.   We  have 
found  these  explicit  schemes  to  be  nearly  useless,  being  totally  unstable  for 
any  reasonable  time  increment.   In  contrast  the  fully  "implicit"  scheme  is 
usually  stable  for  an  arbitrarily  large  time  step.   The  disadvantage  of  the 
scheme  is  that  several  iterations,  each  of  which  requires  the  solution  of  a 
large  system  of  linear  equations,  may  have  to  be  carried  out  at  each  time 
step . 

The  second  method   is  a  so-called  quasi-linearization  technique;   in 
which  the  computation  of  transmural  fluxes  and  axial  flows  is  split  between 
old  and  new  concentrations  in  such  a  way  as  to  lead  to  a  linear  system  of 
difference  equations.   For  each  time  step  this  system  needs  to  be  solved  only 
once.   This  method  reqiiires  much  less  computation  time  per  step  and  appears 
to  permit  a  large  enough  step  to  be  practical. 

The  third  method,  (developed  in  collaboration  with  K.  Crump)  is  numerical 
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..version  of  Laplace  transforms  of  the  system.   This  method  is  probably 
applicable  only  to  systems  in  which  voltune  flow  is  not  changing,  but  should  be 
very  useful  in  the  analyis  of  these  systems.   In  particular  it  should  be 
enpl Lcable  to  the  analyis  of  isotope  uptake  auid  washout. 

Major  Findings:  Calculations  on  single  solute  models  of  the  coupled  vasa 
recta  nephron  counterflow  system  have  shown  that  for  large  water  and  solute 
permeabilities  of  the  exchanging  membranes,  behavior  of  the  non-ideal  system 
approaches  that  of  the  previously  described  ideal  central  core  model.  Namely, 
concentration  is  determined  entirely  by  fractional  solute  transport  out  of 
ascending  Henle's  limb  and  the  fractional  urine  flow. 

Solutions  for  models  including  salt,  water,  and  urea  movement  in 
descending  Henle's  limb,  ascending  Henle's  limb,  collecting  duct,  ascending 
and  descending  vasa  recta  and  distal  cortical  nephrons  have  confirmed  that  the 
inner  medulla  can  concentrate  passively  by  salt  and  urea  mixing.   It  has 
also  been  possible  to  set  some  order  of  magnitude  bounds  on  permeability 
requirements  for  concentration  in  different  types  of  systems. 

By  combining  the  numerical  solutions  with  the  general  thermodynamic 
analysis  it  has  been  possible  to  calculate  in  a  given  model  the  relative 
fractions  of  power  used  in  increasing  the  free  energy  of  solutes  in  the  final 
urine  and  dissipated  in  frictional  resistance  to  the  trainsmembrane  transport 
of  solutes  and  water.  \ 

The  effect  of  hydrostatic  and  oncotic  pressure  has  been  studied  both 
in  models  with  flow  tubes  exchanging  directly  and  in  models  exchanging 
through  the  interstitial  space.   It  was  found  that  for  values  within  the 
physiologic  range,  hydrostatic  and  oncotic  pressure  had  little  effect  on  the 
concentration  ratio  of  papillary  to  cortical  fluid  (nearly  the  same  in  all 
structures.)   This  ratio  depends  almost  entirely  on  the  fractional  solute 
transport  out  of  ascending  Henle's  limb,  the  fractional  urine  flow,  and  the 
efficiency  of  the  vascular  exchanger.  Volume  flow  out  of  the  nephrons  into 
the  interstitium  is  determined  by  the  ascending  limb  solute  source. 
Interstitial  hydrostatic  pressure  adjusts  to  whatever  value  is  needed  to 
maintain  an  exactly  balancing  flow  into  the  vascular  capillaries.  For  this 
pressure  to  remain  within  some  reasonable  physiological  range,  the  hydraulic 
permeability  of  the  vascular  capillaries  must  exceed  some  minimum  value. 

The  transient  solutions  have  been  used  to  study  the  transition  of  the 
models  from  diuresis  to  antidiuresis  and  return,  as  effected  by  changes  in 
water  and  solute  permeabilities  of  distal  nephron  and  collecting  duct. 

Significance  to  biomedical  research:   This  simulation  has  given  conceptual 
insight  into  the  medullary  concentrating  mechanism.   It  has  also  been  possible 
to  set  some  theoretical  bounds  on  membrane  parameters  that  will  permit  con- 
centration in  various  models  of  the  system.   As  the  models  develop  we  expect 
to  be  able  to  boxind  the  membrane  parameters  more  sharply  by  comparison  of  the 
theoretical  computations  with  experimental  clearance  and  micropuncture  data. 
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Proposed  course:  We  are  extending  the  models  to  include  the  entire 
kidney.   This  seems  to  be  possible  for  models  that  include  salt  and  water 
movement,  and  hydrostatic  and  oncotic  pressure.  We  are  improving  the 
efficiency  of  our  computer  routines  and  eventually  should  be  able  to  describe 
the  movement  of  additional  solutes  and  the  movement  of  individual  ions. 
Existing  models  are  being  used  to  study  various  aspects  of  the  concentrating 
mechanism,  such  as  the  role  of  urea  cycling  and  the  relative  importance  of 
solute  cycling  vs.  water  extraction.   We  plan  to  continue  consultation  on 
specialized  aspects  of  the  numerical  analysis. 
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Annual  Report  of  the 

Section  on  Laboratory  Animal  Medicine  and  Surgery 

Division  of  Intramural  Research 

National  Heart  and  Lung  Institute 

July  1,  1973  through  June  30,  1974 

The  Section  on  Laboratory  Animal  Medicine  and  Surgery  provides  support  for 
the  use  of  laboratory  animals  to  all  laboratories  of  the  Division  of  Intra- 
mural Research.   Such  support  includes  provision  of  laboratory  animals  not 
commercially  available,  procurement  of  commercially  available  animals,  a 
surgical  laboratory  for  preparation  and  study  of  animal  models  and  the  main- 
tenance of  all  large  and  small  animals  used  in  experimental  protocols. 

There  is  continued  development  of  the  sheep  colony  for  provision  of  increased 
numbers  of  sheep  required  by  NIH  laboratories  .  We  have  been  successful  in 
breeding  sheep  12  months  a  year  and  providing  lambs  with  AA  type  hemoglobin 
for  use  by  the  Molecular  Hematology  Branch,  the  provision  of  sufficient 
numbers  of  lambs  and  young-adult  sheep  for  use  by  the  Laboratory  of  Technical 
Development  and  125  pregnant  ewes  with  breeding  dates  for  the  National 
Institute  of  Child  Health  and  Human  Development  .  A  method  for  detection  of 
pregnancy  between  24-35  days  gestation  using  Doppler  Ultrasound  and  rectal 
transducers  has  been  further  developed  for  monitoring  the  breeding  program. 

Other  areas  of  the  Section  continue  to  be  developed  to  meet  demands  of 
National  Heart  and  Lung  Institute  investigators. 
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ANNUAL  REPORT  OF  THL 

HYPERTENSION-ENDOCRINE  BRANCH 

NATIONAL  HEART  AND  LUNG  INSTITUTE 

July  1,   1973  through  June  30,   1974 

The  Hypertension-Endocrine  Branch  was  formed  eight  months  ago  from  the 
Endocrinology  and  Experimental  Therapeutics  Branches,  whose  research  was 
complementary  but  overlapping  in  technics  and  resources.     The  combined  branch 
is  composed  of  five  sections,  its  major  objective  is  the  study  of  the 
mechanisms  and  control  of  high  blood  pressure.     Summaries  of  its  activities 
are  given  seriatim  below. 

Section  on  Steroid  and  Mineral   Metabolism 

The  work  of  the  Section  on  Steroid  and  Mineral   Metabolism  of  the 
Hypertension-Endocrine  Branch  has  included  (1)  Studies  of  adrenal   and  renal 
function  and  their  relation  to  hypertension,  and  (2)   studies  of  calcium  and 
phosphorus  metabolism  in  relation  to  metabolic  bone  disease,  parathyroid 
function,  and  the  formation  of  renal   stones. 

(1 )  Studies  of  Adrenal   and  Renal   Function  v/ith  especial   reference  to 
hypertension. 

The  development  of  fast  and  sensitive  radioimmunoassays  for  plasma  and 
urinary  steroids  thought  to  be  implicated  in  the  etiology  of  hypertension  has 
come  to  fruition  in  the  past  year.     Methods  for  plasma  aldosterone,  bound  and 
free,  and  for  urinary  aldosterone,  desoxycorticosterone  (DOC),  18-hydroxy- 
corticosterone  and  18-hydroxy  DOC  are  now  in  clinical   use. 

A  comprehensive  clinical   study  was  instigated  which  has  the  dual  function 
of  defining  the  etiology  of  hypertension  for  the  specific  patient  and  of 
studying  the  circadian  interrelations  of  blood  pressure  to  the  multiple  factors 
with  known  or  suspected  relation  to  blood  pressure.     These  include  plasma  and 
urinary  sodium,  potassium,  aldosterone,  desoxycorticosterone,  18-hydroxydesoxy- 
corticosterone,   18-hydroxycorticosterone,  prekallikrein  and  kallikrein, 
prostaglandins,  and  catecholamines  and  plasma  renin. 

Currently  circadian  data  for  blood  pressure  and  many  of  the  above  factors 
are  being  analyzed  mathematically  for  the  best-fitting  cosine  curve.     The 
relevance  or  non-relevance  of  the  phase  angle  between  the  cosine  curve  for 
blood  pressure  itself  and  that  for  a  variable  under  study  should  provide 
evidence  relating  to  the  importance  for  blood  pressure  control   of  that  variable 
for  that  particular  subject.     Collaborative  studies  with  the  Chronobioloqy 
Laboratory  at  the  University  of  Minnesota  have  revealed  that  in  hypertensive 
subjects  changes  in  regimen,  such  as  sodium  intake,  sleep-wake  schedule, 
geographical   displacement,  emotional   stress,  and  timing  of  medication  can 
affect  mesor  (mean  adjusted  level),  acrophase  and  amplitude  of  the  blood 
pressure  cosine  curve.     A  knowledge  of  this  curve  permits  intelligent  selection 
of  an  anti -hypertensive  agent  and  administration  of  the  agent  at  the  optimal 
time  of  day. 
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An  extensive  program  in  the  Out-Patient  Clinic  has  been  instituted  in 
which  patients  perform  measurements  of  their  own  blood  pressure  several  times 
a  day,  the  curves  are  analyzed  and  treatment  is  manipulated  in  the  light  of 
the  changes  in  blood  pressure  as  recorded  by  the  patient. 

In  order  to  elucidate  the  mechanism  for  the  hypertension  of  patients 
receiving  contraceptives,  a  study  has  been  begun  on  normal  women  to  test  the 
effect  of  estrogens  on  blood  pressure,  plasma  renin  activity,  plasma  free 
and  bound  aldosterone  and  other  sodium-retaining  steroids  and  plasma  pre- 
kallikrein.  Urinary  products  are  also  being  measured.  Patients  who  are 
hypertensive  on  the  "pill"  will  be  subjected  to  the  same  protocol. 

The  pharmacologic  approach  to  the  control  of  blood  pressure  by  thi.s 
Section  is  based  on  chronopharmacologic  principles.  The  ultimate  objective 
is  to  define  an  optimal  treatment  for  each  patient  with  especial  reference  to 
the  abnormalities  of  controlling  factors  shown  by  that  patient  and  to  the 
icircadian  phase  of  such  factors.  Since  these  variables  show  circadian 
variations,  it  is  reasonable  to  give  medication  at  a  time  which  will  most 
effectively  affect  the  variable  known  to  be  at  fault.  Accordingly,  hydrochloro- 
thiazide, a  known  anti -hypertensive  agent,  was  given  to  normal  subjects  at  SAM, 
4PM  or  12  Midnight  for  six  days  to  evaluate  the  most  effective  time  to  increase 
sodium  loss  with  minimal  potassium  loss,  and  thereby  to  reduce  the  danger  of 
hypokalemia  in  patients  treated  for  hypertension  with  this  diuretic.  Eight  AM 
proved  to  be  the  time  of  administration  which  produced  the  minimum  potassium 
excretion. 

Studies  on  experimental  changes  in  intravascular  volume  in  normal 
subjects  have  shown  that  plasma  dopamine  beta  hydroxylase  concentration  and 
plasma  renin  activity  are  reduced  in  response  to  expansion  of  the  intravascular 
volume.  Further  variables  are  being  analyzed  in  the  normal  subjects  before 
these  studies  are  undertaken  in  patients  with  hypertension. 

The  treatment  with  aldactone  (spironolactone)  of  patients  with  hypertension 
caused  by  hyperaldosteronism  has  proven  successful  and  of  diagnostic  value, 
but  prominent  side  effects  include  gynecomastia  and  loss  of  libido.  Studies 
with  the  Chemical  Pharmacology  Branch  of  the  NHLI  have  shown  that  spironolactone 
destroys  microsomal  Cytochrome  P450  in  the  testis,  and  thus  directly  lowers 
17-alpha-hydroxylase  activity  and  thereby  blocks  the  production  of  17-alpha- 
hydroxyprogesterone  and  androstenedione,  precursors  of  testosterone.  Further 
einimal  and  clinical  studies  are  under  way  to  define  more  specifically  the 
long-term  effects  of  this  agent. 

Physiologic  studies  in  the  dog  are  being  carried  out  to  delineate  the 
control  of  secretion  of  renin,  prostaglandins,  and  other  agents  exerting 
control  on  blood  pressure.  Certain  receptors  served  by  the  vagal  nerves  are 
thought  to  exert  an  inhibitory  effect  on  the  vasomoter  center.  When  this 
inhibition  was  removed  by  sinoaortic  denervation  and  by  cervical  vagotomy,  the 
increased  synpathetic  discharge  to  the  kidney  and  to  the  adrenal  produced  an 
increase  in  plasma  renin  activity,  an  increase  in  blood  pressure  and  a  shift 
of  plasma  water  from  the  intravascular  to  extravascular  space,  resulting  in 
an  increased  packed  cell  volume.  These  data  suggest  that  these  receptors  may 
play  a  role  in  blood  pressure  regulation. 


The  complex  role  of  prostaqlandins  in  the  control   of  salt  and  water 
excretion  is  under  study.     Prostaglandins  E-i   and  A,,   infused  into  the  renal 
artery  have  been  shown  to  cause  natri uresis  and  water  diuresis.     These  same 
compounds  when  infused  into  the  carotid  artery,  however,   in  normal   anesthetized 
dogs  cause  a  decrease  in  urine  flow,  an  increase  in  urinary  osmolality,  a  i 

decrease  in  free  water  clearance  and  a  rise  in  plasma  ADH  concentration.  | 

Altho;.'gh  beta-adrenergic  stimulation  is  known  to  stimulate  ADH  release,  beta       ' 
blockade  by  propranolol   does  not  eliminate  the  effect  of  PGE^  on  ADH  release. 

Further  studies  on  the  control  of  endogenously-produced  prostaqlandins, 
performed  in  collaboration  with  the  Section  on  Experimental  Therapeutics, 
showed  that  expansion  of  the  intravascular  volume  with  saline  in  normal  young 
women  increased  the  urinary  excretion  of  PGE  and  PGF;  acute  expansion  with 
Ringer's  solution  in  anesthetized,   hypophysectomized  dogs  treated  with  Cortisol 
produced  a  decrease  in  PG's  in  the  renal   venous  effluent  and  in  urine.     Thus 
PG  changes  could  not  be  invoked  to  explain  the  natriuresis:   previous  studies 
have  shown  that  exogenous  PGF  and  PGA  cause  natriuresis  and  renal   vasodilatatioq 

(2)  Studies  of  Calcium  and  Phosphorus  Metabolism  in  relation  to  metabolic  bone 
disease,  parathyroid  function  and  the  formation  of  renal   stones. 

Studies  have  been  instituted  which  attempt  to  relate  the  nephrogenous 
production  of  3'5'cyclic  AMP  to  the  diagnosis  of  disorders  of  the  parathyroid 
glands.     Methods  for  plasma  and  urinary  cyclic  AMP  have  been  developed  which 
permit  the  clearance  of  cyclic  AMP  to  be  calculated.     Increase  of  cyclic  AMP: 
creatinine  clearance  ratio  provides  a  much  better  index  of  parathyroid  hyper- 
function  than  does  excretion  of  the  nucleotide. 

Studies  on  the  abnormalities  in  bone  in  patients  with  osteoporosis 
demonstrate  a  decreased  amount  of  soluble  collagen  in  bone  derived  from  iliac 
crest  biopsies.     When  patients  with  idiopathic  osteoporosis  were  given  infusions 
of  calcium  gluconate  for  12  days,  eleven  of  fifteen  responded  with  an  increase 
in  calcium  balance  lasting  from  1   to  24  months;  all   reported  subjective  relief 
from  pain.     Ten  patients  with  post-menopausal  osteoporosis  showed  no  significant 
changes  in  calcium  balance.     Three  patients  with  osteoporosis  treated  with 
17-alpha-estradiol ,  a  "non-estrogenic  estrogen",   failed  to  show  changes   in 
calcium  balance  or  to  derive  relief  from  pain. 

Treatment  of  patients  with  hypocalcemia  and/or  rickets  resistant  to 
vitamin  D  with  the  new  active  metabolites  of  vitamin  D,  l-alpha,25-dihydroxy- 
cholecalciferol   and  1-alpha-hydroxycholecalciferol   in  physiologic  doses  proved 
successful . 

The  tendency  to  produce  renal   stones  can  be  established  by  demonstration 
of  a  urinary  brushite  activity  product  ratio  greater  than  one.     Although  most 
patients  with  nephrolithiasis  show  activity  product  ratios  greater  than  one 
in  a  24-hour  urine  specimen,  an  analysis  of  urine  collected  every  4  hours 
throughout  the  day  shows  a  circadian  variation,  with  this  ratio  less  than  one 
at  some  time  during  the  day.     Therefore,   the  time  of  day  when  the  patient  is 
at  risk  to  form  stones  may  be  found,  and  treatment  adjusted  accordingly.     The 
determination  provides  an  explanation  for  stone  formation  in  some  patients 
whose  24-hour  product  ratios  are  below  one.     Treatment  with  cellulose  phosphate 


has  been  shown  by  this  laboratory  to  be  effective  in  those  stone-formers  with 
increased  gastrointestinal   calcium  absorption.     The  long-term  effect  of  this 
agent  is  under  study.     Cellulose  phosphate  and  hydrochlorothiazide  will  also 
Ibe  used  as  chronopharmacologic  agents  in  the  treatment  of  this  disorder. 

Section  on  Experimental  Therapeutics 

The  goal  of  this  section  is  to  conduct  preclinical  and  clinical  research 
in  certain  areas  of  human  disease,  especially  hypertension  and  the  role  of 
vasoactive  substances.     Our  activities  this  year  can  be  summarized  under  the 
jfollowing  three  headings. 

I.  Hypertension 

The  regulation  of  normal  blood  pressure  depends  upon  balancing  a  number 
of  vasodilator  and  vasoconstrictor  systems.     We  have  undertaken  studies  in 
several  of  these  systems  to  identify  their  roles  in  himan  hypertensive  disease 
and  to  elucidate  the  interactions  between  them. 

Kallikreins  are  proteolytic  enzymes  which  control  the  production  of 
kinin  peptides,  potent  endogenous  vasodilators.     We  have  shown  previously 
that  urinary  kallikrein  is  subnormal   in  patients  with  essential   hypertension, 
supranormal   in  patients  with  primary  aldosteronism  and  increases  in  response 
to  a  low  sodium  diet  or  administration  of  sodium-retaining  steroids.     We  find 
that  urinary  kallikrein  increases  in  response  to  acute  infusions  of  potassium 
Into  the  renal   artery  of  dogs  or  to  a  high  potassium  diet  in  man.     This  effect 
ii's  being  evaluated  in  patients  with  Addison's  disease  to  determine  if  it  is 
tnediated  via  aldosterone  or  if  it  is  a  direct  effect  of  potassium.     Urinary 
jkallikrein  is  lower  in  samples  frdm  the  affected  kidney  in  patients  with 
unilateral   renovascular  disease,  and  appears  to  be  a  better  indicator  of 
whether  the  disease  is  unilateral  or  bilateral  than  other  currently  used 
(factors  such  as  renal  vein  renins,  or  bilateral  urine  volume  or  concentrations 
of  sodium,  inulin  or  PAH.     Urinary  kallikrein  is  clearly  reduced  on  the 
stenotic  side  in  dogs  made  hypertensive  by  surgical  constriction  of  one  renal 
artery.     In  this  situation  kallikrein  parallels  the  changes  in  urine  volume, 
sodium,  creatinine,  inulin  and  PAH.     Thus,  measurement  of  urinary  kallikrein 
from  each  ureter  may  increase  the  accuracy  of  diagnosis  of  renovascular 
hypertension.     We  have  completed  our  study  of  urine  kallikrein  concentration 
in  609  normal  children  and  find  that  urine  kallikrein  is  familial ly  aggregated, 
is  inversely  proportional   to  blood  pressure  for  both  the  children  and  their 
mothers  and  is  directly  correlated  with  urinary  potassium  but  not  sodium.     This 
indicates  that  urinary  kallikrein  may  serve  as  a  useful   genetic  marker  for 
hypertension  in  children  even  before  the  blood  pressure  becomes  abnormally 
elevated.     Human  salivary  kallikrein  has  now  been  measured  and  the  amount 
increases  in  response  to  a  low  salt  diet  as  does  urinary  kallikrein. 

'  The  renin-angiotensin-aldosterone  system  is  vasoconstrictor.     We  had 

previously  shown  that  alpha-methyl -dopa.  a  commonly  used  antihypertensive 
drug,  could  lower  blood  pressure  and  plasma  renin  activity  (PRA)  in  the  dog. 
We  have  now  demonstrated,  using  dogs  with  unilateral   renal  denervation  and 
contralateral   ligation  of  the  renal   vessels,  that  alpha-methyl -dopa  produces 
the  same  reduction  in  blood  pressure  without  a  reduction  in  PRA.     Thus,  the 


,    ood  pressure  lowering  action  of  alpha-methyl -dopa  is  independent  of  its 
effect  on  PRA  and  the  reduction  in  PRA  produced  by  the  drug  requires  an  intact 
sympathetic  innervation  to  the  kidney.  Studies  of  the  effects  of  another 
unti hypertensive  agent,  guanethidine,  in  man  indicate  that  therapeutic  doses 
of  the  drug  are  associated  with  a  greater  increase  in  PRA  in  response  to 
standing  than  normal. 

Prostaglandins  (PG)  of  the  A  and  E  series  are  vasodilator.  We  have 
developed  specific,  sensitive  and  reproducible  radioimmunoassays  for  PGA,  PGE, 
and  PGF  in  urine  and  blood  with  sensitivities  of  150  to  200  pg.  There  were 
no  significant  differences  in  ^-hour  excretion  of  PGE  or  PGF  in  normal  women 
in  response  to  9  or  259  mEq  Na  diets  or  to  changes  in  posture  (supine  vs. 
standing)  except  for  an.increase  in  PGF  with  standing  when  the  subject  was 
taking  a  diet  low  in  Na  .  Acute  intravenous  infusions  of  saline  into  normal 
women  caused  30  to  40%  increases  in  urinary  PGE  and  PGF.  Infusions  of  Ringer's 
solution  into  anesthetized  hypophysectomi zed  dogs  caused  an  increase  in  sodium 
excretion,  a  decrease  in  excretion  of  PGE  and  PGF  and  a  decrease  in  left  renal 
vein  PGE.  Addition  of  indomethacin  to  these  animals  produced  a  further 
increase  in  sodium  excretion  and  a  further  decrease  in  blood  and  urine  PG's. 
Administration  of  large  doses  of  indomethacin  to  unanesthetized  dogs  produced 
greater  than  75%  decreases  in  urinary  PG  excretion  but  caused  no  reduction  in 
urine  volume  or  sodium  excretion  and  no  increase  in  blood  pressure.  These 
data  do  not  support  one  popular  theory;  i.e.,  that  PG's  of  the  A  or  E  series 
are  naturally  occurring  natriuretic  and  diuretic  substances.  In  addition,  we 
disagree  with  some  recent  reports  that  human  blood  concentrations  of  PGA  are 
greater  than  1  ng/ml .  We  find  PGA  concentrations  of  less  than  200  pg/ml  and 
this  is  the  lower  level  of  sensitivity  of  our  assay.  Thus,  we  believe  that 
reported  levels  for  PGA  are  spuriously  high  and  that  this  renders  unlikely 
the  belief  that  PGA  is  a  circulating  vasodepressor  hormone  in  nan.   In  another 
series  of  experiments  two  inhibitors  of  PG  synthesis,  indomethacin  and 
meclofenamate,  markedly  attenuated  reactive  coronary  hyperemia  in  both  the 
intact  dog  and  the  heart-lung  preparation.  Yet  an  increase  in  coronary  sinus 
PGE  was  found  in  only  2  of  6  experiments.  In  the  heart-lung  preparation  there 
was  a  progressive  increase  in  basal  coronary  flow  over  the  course  of  the 
experiment  which  was  associated  with  a  progressive  increase  in  coronary  sinus 
PGE.  Inhibition  of  PG  synthetase  decreased  coronary  blood  flow  to  original 
basal  levels  and  also  decreased  PGE  levels  in  coronary  sinus  blood.  Thus, 
endogenous  PG's  appear  to  have  an  important  modulating  role  in  regulation  of 
coronary  blood  flow. 

Urokinase  is  a  proteolytic  enzyme  which  regulates  the  production  of 
plasmin  and  may  produce  kinins  which  are  vasodilatory.  We  have  developed  a 
simple,  specific  and  reproducible  assay  for  urokinase  in  human  urine  with  a 
sensitivity  of  0.2  CTAU/ml .  We  find  that  human  urokinase  excretion  is  4100  + 
1463  CTAU/day  (mean  +  SEM).  Urokinase  excretion  is  increased  in  rats  that 
become  hypertensive  with  a  clip  on  one  renal  artery  but  remains  normal  in 
similarly  operated  rats  that  remain  normotensive.  This  has  encouraged  us  to 
begin  further  studies  of  this  potent  but  relatively  neglected  vasoactive 
system. 

Catecholamines  may  be  either  vasoconstrictor  or  vasodilator.  Our  studies 
of  dopamine-p-hydroxylase  are  covered  in  the  report  of  the  Section  on  Biochemical 


Pharmacology.     We  are  developing  new  assay  procedures  using  high-pressure  liquid 
chromatography  and  ionic  voltometry  to  separate  and  quantitate  epinephrine, 
norepinephrine,  and  dopamine  in  biologic  fluids.     This  is  important  to  better 
understanding  of  the  role  of  these  substances  in  renal   physiology  and  in  the 
pathogenesis  of  hypertension.     In  a  totally  different  study  strips  of  temporal 
artery  from  normals  and  patients  with  essential   hypertension  were  shown  to  be 
equally  responsive  to  norepinephrine  and  phenylephrine.     In  addition,  there 
was  no  difference  in  estimates  of  affinity  of  alpha-receptors  in  vessels  from 
the  two  groups  of  subjects. 

II.  Drug  Metabolism 

Studies  for  potential   interactions  of  phenylbutazone  and  allopurinol   in 
patients  with  gout  showed  that  the  half-life  of  phenylbutazone  in  some  patients' 
plasma  may  be  altered  by  the  dose  but  that  there  was  no  significant  alteration 
of  the  half-life  of  phenylbutazone  by  allopurinol. 

III.  Histamine,  Other  Atnines,  and  Related  Enzymes 

We  have  found  that  the  major  route  of  histamine  metabolism  is  not  via 
diamine  oxidase  as  reported  by  others  but  by  N-methylation  and  then  monoamine 
oxidation.     It  is  hard  to  alter  blood  or  urine  histamine  levels  except  by 
administration  of  L-histidine,  its  precursor.     When  one  path  of  histamine 
metabolism  is  blocked  by  a  drug  the  metabolism  merely  shifts  to  the  alternate 
pathway.     Thus,  we  have  shown  that  chloroquine  blocks  N-methylation,  amino- 
quanidine  blocks  diamine  oxidase,  pargyline  blocks  monoamine  oxidase  and  aspirin 
blocks  conjugation  with  ribose.     These  studies  have  indicated  that  pharmacologic 
attempts  to  increase  blood  and  tissue  levels  of  histamine  as  a  potent  vaso- 
dilator are  unsuccessful. 

Section  on  Biochemical   Pharmacology 

The  goal   of  this  section  is  to  do  detailed  molecular  sUdies  on 
physiological   systems   (particularly  neuronal   systems)  that  will   increase  our 
understanding  of  hypertension  and  other  diseases.     Our  approach  is  broad  and 
is  presented  under  seve^ral   headings. 

I.  Molecular  and  Physiologic  Properties  of  Dopamine-p-Hydroxylase. 

Dopamine-p-hydroxylase  (DBH)   is  the  final  enzyme  in  the  norepinephrine 
biosynthetic  pathway.     This  enzyme  has  been  intensively  studied  since  the 
recognition  that  it  is  released  from  sympathetic  nerve  endings  together  with 
norepinephrine  and  that  the  released  enzyme  subsequently  appears  in  serum. 
Our  studies  have  been  directed  toward  a  detailed  understanding  of  the  molecular 
properties  of  the  enzyme  and  the  potential   use  of  serum  levels  as  an  index  of 
sympathetic  nerve  activity.     DBH  from  bovine  adrenal  glands  has  been  found  to 
be  a  molecule  containing  four  apparently  identical   subunits  (75,000  MW)  which 
are  held  together  by  both  hydrogen  and  disulfide  bonds.     Each  subunit  contains 
16  carbohydrate  residues.     The  enzyme  binds  tightly  to  the  plant  lectin 
concanavalin  A  and  appears  to  be  fully  active  when  immobilized  on  ConA 
covalently  bound  to  Sepharose  beads.     Immunological   and  kinetic  studies  lead 
to  the  tentative  conclusion  that  the  sites  of  carbohydrate  attachment  are  far 
retnoved  from  the  catalytic  site  and  that  the  carbohydrate  may  play  a  role  in 
orienting  the  molecule  in  the  vesicular  membrane.     Human  serum  has  been  found 
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to  contain  up  to  10  pq/ml  of  enzymically  active  DBH.  This  protein  has  been 
highly  purified  and  shown  to  consist  of  glycoprotein  subunits.  Of  particular 
interest  is  the  observation  that  the  enzyme  from  serum  exists  in  two  active 
forms.  One  form  has  a  molecular  weight  of  about  300,000  while  a  second  form 
has  a  molecular  weight  of  about  150,000.  These  forms  probably  represent  a 
tetramer  and  dimer  respectively.  Although  work  from  other  laboratories  sunnests 
that  there  is  only  one  active  site  per  tetramer,  the  current  studies  provide 
compelling  evidence  for  the  presence  of  at  least  two  active  sites  per  tetramer. 

Our  continuing  studies  on  the  use  of  serum  levels  of  DBH  as  an  index 
of  sympathetic  activity  in  man  have  led  to  the  following  conclusions. 

1)  Serum  DBH  cannot  be  used  to  measure  acute  changes  in  sympathetic 
activity. 

2)  The  half-life  of  the  enzyme  in  serum  is  in  the  range  of  6  to  12  hours 
based  on  the  decay  of  serum  levels  following  the  removal  of  a  pheochromocytoma. 

3)  There  does  not  appear  to  be  any  correlation  of  serum  enzyme  activity 
with  either  primary  or  secondary  hypertension. 

II.  Biosynthesis  and  Role  of  Serotonin  in  the  Central  Nervous  System. 

A  significant  number  of  neurons  in  the  central  nervous  system  can  be 
characterized  by  their  ability  to  synthesize  serotonin  and  their  use  of  this 
amine  as  a  neurotransmitter.  The  synthesis  of  serotonin  has  been  studied  by 
attempting  to  isolate  and  characterize  the  enzyme  tryptophan  hydroxylase. 
Significant  progress  has  been  made  with  the  isolation  of  highly  purified 
tryptophan  hydroxylase  from  rat  mesencephalic  tegmentum.  New  techniques  for 
stabilizing  and  purifying  the  enzyme  have  been  established  which  will  greatly 
enhance  future  studies  on  kinetic,  molecular  and  immunological  characterization 
of  the  enzyme.  The  serotonergic  system  has  also  been  explored  with  the  use  of 
5,6  and  5,7-dihydroxytryptamine  (DHT).  These  two  analogues  of  serotonin  appear 
to  be  rapidly  and  specifically  taken  up  by  serotonergic  neurons  following 
intraventricular  injection.  Once  taken  up  by  an  axon  or  nerve  ending  they 
appear  to  be  cytotoxic  causing  both  anterograde  and  retrograde  degeneration. 
Using  tryptophan  hydroxylase  as  a  marker  for  serotonergic  neurons  we  have 
found  that  single  injections  of  these  compounds  result  in  a  specific  destruction 
of  serotonergic  neuron.  One  possible  explanation  for  the  neurotoxic  effect  of 
these  serotonin  analogues  might  reside  in  their  binding  to  microtubular 
proteins.  This  possibility  was  examined  indirectly  by  giving  rats  intra- 
ventricular injections  of  colchicine,  a  compound  known  to  bind  to  microtubular 
protein.  The  effects  of  these  treatments  were  striking  with  the  animals 
exhibiting  the  same  "bizarre  social  behavior"  as  seen  with  the  di hydroxy! ated 
indoles.  Examination  of  regional  tryptophan  hydroxylase  following  this 
treatment  showed  significant  losses  of  serotonergic  neurons.  Radioactive 
5,6-DHT  exhibits  a  long-lasting  binding  to  tissue  proteins.  Finally  a  study 
of  the  effect  of  a  single  neonatal  injection  of  5,6-DHT  showed  marked 
retardation  in  the  development  of  the  serotonergic  system  and  overall  growth 
of  the  animals.  The  latter  phenomenon  is  probably  a  reflection  of  the  role 
of  serotonergic  neurons  on  the  release  of  pituitary  growth  hormone. 
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III.  Molecular  Changes  Associated  with  Hypertension. 

Work  in  this  area  has  been  directed  primarily  toward  the  spontaneously 
hypertensive  rat  as  an  animal  model  of  human  essential  hypertension.  As  part 
of  our  continuing  study  of  the  catecholamine  metabolism  in  these  animals  we 
examined  8  other  strains  of  rats  with  varying  "normal"  blood  pressures  for  the 
levels  of  the  three  norepinephrine  biosynthetic  enzymes.  While  we  found 
significant  genetic  differences  in  each  of  the  three  enzymes  both  in  central 
and  peripheral  tissues,  there  appeared  to  be  no  correlation  of  these  enzymes 
with  each  other  or  with  blood  pressure. 

A  study  of  the  incorporation  of   C-lysine  into  non-collagen  protein  of 
vessels  indicated  that  this  index  of  vascular  protein  synthesis  was  greatly 
enhanced  in  the  small  vessels  of  the  genetic  hypertensive  animals  even  before 
the  elevation  of  blood  pressure  was  apparent.  After  the  animals  have  sustained 
hypertension  for  several  months  increased  protein  synthesis  was  also  apparent 
in  the  larger  vessels  and  heart.  The  finding  of  increased  synthesis  of 
contractile  protein  in  the  prehypertensive  SHR  suggests  that  this  may  be  one 
of  the  pathogenic  factors  in  the  development  of  hypertension. 

IV.  Regulation  of  Mammalian  Enzyme  Levels. 

The  object  of  these  studies  has  been  to  define  the  molecular  events  that 
occur  during  neuronal ly-induced  enzyme  formation.  Sympathetically-induced 
changes  in  serotonin-N-acetyl  transferase  activity  in  the  pineal  gland  provide 
an  excellent  model  for  the  study  of  this  problem.  It  has  been  established  that 
the  neuronal  response  is  mediated  by  cAMP  and  previous  work  on  this  project 
had  found  the  pineal  gland  to  be  a  rich  source  of  cAMP-dependent  protein 
kinase.  This  enzyme  was  completely  purified  and  characterized  and  its  role  in 
modulating  the  synthesis  of  a  specific  protein  studied.  Phosphorylation  of 
chromatin  was  found  to  enhance  the  rate  at  which  it  was  transcribed,  but  no 
specificity  could  be  attributed  to  this  phenomenon.  A  study  of  the  role  of 
protein  kinase  on  translation  revealed  that  ribosomes  themselves  are  a  rich 
source  of  kinase.  This  suogests  that  protein  phosphorylation  may  be  involved 
in  the  translation  process.  In  characterizing  the  protein  kinases  associated 
with  the  ribosomes  we  have  found  them  to  be  distinct  from  the  initiation 
factors  but  to  exist  in  multiple  forms.  Conversely,  the  purified  reticulocyte 
initiation  factors  appeared  to  be  substrates  for  these  kinases.  In  none  of 
these  studies  have  we  disclosed  any  mechanism  which  would  specifically  stimulate 
the  synthesis  of  a  particular  protein.  We  are  therefore  currently  trying  to 
establish  a  completely  homogeneous  system  (all  components  from  the  pineal 
gland)  to  study  the  neuronal  regulation  of  transcription  and  translation. 

V.  Metal loproteins. 

Many  of  the  enzymes  that  are  currently  under  investigation  in  our 
laboratory  are  metal  loproteins   (DBH,  copper;   tryptophan  and  tryosine  hydroxylase 
and  monoamine  oxidase,   iron).     In  previous  years  this  laboratory  has  done 
extensive  work  on  the  characterization  of  the  iron-sulfur  electron  transfer 
protein.     In  the  past  year  it  was  shown  that  the  mechanisms  of  electron  transfer 
from  metal lo-reducing  compounds  to  rubredoxin  proceeds  by  a  rapid  outer  sphere 
mechanism.     This  accounts  for  the  extremely  rapid  reaction  of  rubredoxin  with 
cytochrome  C  and  other  biological   electron  transfer  agents.     The  detailed 


structural   analysis  of  clostridial   rubredoxin  that  has  been  done  in  this 
laboratory  for  the  last  several  years  is  now  virtually  complete,  and  the 
attention  to  metal loprotein  will   shift  to  a  detailed  analysis  of  the  metal 
binding  sites  in  the  above  mentioned  complex  proteins. 

Section  on  Physiological  Chemistry 

I.  Biochemistry  of  the  Kallikrein-Kinin  System 

Basic  studies  on  the  characterization  and  quantitative  assay  of 
components  of  the  kallikrein-kinin  system  have  continued.     A  rapid  and  sensitive 
radiointnunoassay  for  the  kinins  in  human  urine  has  been  developed,  the  inter- 
assay  coefficient  of  variation  being  18%.     The  levels  of  kinin  in  urine  as 
determined  by  the  radioimmunoassay  will   be  compared  to  those  obtained  with  the 
bioassay.     These  studies,  when  completed,  will   permit  us  to  measure  urinary 
kinin  levels  of  patients  with  hypertension  and  in  normal   individuals  on  various 
levels  of  dietary  salt  or  mineralocorticoids.     Under  these  conditions  signif- 
icant alterations  in  urinary  kallikrein  have  already  been  noted.     A  comparison 
of  the  kinin  and  kallikrein  excretions  should  permit  us  to  further  elucidate 
the  role  of  the  kallikrein-kinin  system  in  the  regulation  of  blood  pressure 
and  in  renal   function. 

A  new  assay  for  human  salivary  kallikrein  has  been  developed.     It  involves 
the  addition  of  inhibitors  to  inhibit  esterases  other  than  kallikrein  and  the 
use  of     H-tosylarginine  methyl   ester  as  substrate.     Values  obtained  in  normal 
human  salivary  fluids  are  similar  to  those  obtained  by  bioassay  and  would 
indicate  that  similar  concentrations  of  kallikrein  are  found  in  both  the 
parotid  and  submaxillary  salivary  fluids.     These  human  glandular  kallikreins 
are  similar  to  those  excreted  by  the  pancreas  or  by  the  kidney,  since  their 
activity  is  inhibited  by  antibody  to  human  urinary  kallikrein  and  they  form  a 
continuous  single  precipitin  band  with  this  antibody  in  agar  gel.     Sweat  also 
contains  a  glandular  kallikrein  which  cross-reacts  with  this  antibody. 

New  procedures  for  the  isolation  of  kininogens  from  human  plasma  have 
been  devloped  and  show  that  multiple  forms  exist  in  human  plasma.     These 
eleven  forms  have  been  separated  essentially  pure  by  a  combination  of 
affinity  chromatography  and  gel   filtration.     Five  of  the  kininogens  had 
molecular  weights  of  80,000;   five  had  molecular  weights  of  150,000  and  one 
had  a  molecular  weight  of  225,000.     These  data  establish  the  presence  in 
native  human  plasma  of  multiple  kininogens  and  clearly  contradict  the  suggestion 
in  the  literature  that  multiple  forms  do  not  exist. 

The  catabolism  of  bradykinin  by  human  lung  is  also  being  investigated. 
Current  evidence  indicates  that  80%  of  the  bradykinin  is  destroyed  in  one  pass 
through  the  lung.     Of  the  total   radioactivity  recovered  in  the  plasma, 
60-74%  is  associated  with  a  fraction  which  contains  pre-arg.     However,   further 
purification  would  indicate  that  this  radioactive  metabolite  may  not  be 
phe-arg  and  may  be  an  as  yet  unidentified  metabolite.     Also  metabolites  from 
the  urine  cannot  as  yet  be  identified  as  phe-arg. 
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II.  Prostaglandins 

Chemical   studies  relating  to  the  significance  of  the  prostaglandins  of 
the  A  series  have  confirmed  that  PGA  is  rapidly  converted  to  a  more  polar 
metabolite  by  erythrocytes  of  human  blood.     Purification  of  this  metabolite 
followed  by  derivitization,  gas  chromatography  and  mass  spectrometry  have 
identified  two  components  -  unchanged  PGA;  and  a  modified  prostaglandin, 
ll-mercapto-9,  15  dihydroxyprost-13-enoic  acid.     It  is  postulated  that  PGA, 
when  added  to  erythrocytes  is  rapidly  converted  to  a  polar  form  by  addition  of 
glutathione  which  is  present  in  high  concentrations  in  these  cells.     This 
glutathione-PGA,   complex  is  then  in  part  .reduced  to  the  9-hydroxy  form  by  the 
enzyme  PG  9-ketoreductase  which  the  red  blood  cell   also  contains.     The  mixture 
of  reduced  and  unreduced  forms  is  released  from  the  cell   and  during  gas 
chromatography  the  unreduced  material   regenerates  PGA,,  while  the  reduced 
material  fragments  instead  to  form  the  observed  11-mercapto  PGF.     The 
identification  of  these  metabolites  and  their  measurement  in  plasma  and  urine 
will  help  us  to  assess  the  significance  of  PGA  as  a  humoral  vasoactive 
substance  and  explain  the  variation  encountered  in  measured  plasma  levels  of 
this  compound. 
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III.  Peptide  Biochemistry 

High  pressure  liquid  chromatography  separation  of  phenyl thiohydantoin 
(PTH)  amino  acids  has  been  found  to  be  superior  to  existing  methods  of  PTH- 
amino  acid  analyses  because  of  its  speed  and  sensitivity.  All  PTH  derivatives 
with  the  possible  exception  of  serine  can  now  be  analyzed  by  this  technique 
and  this  method  is  currently  being  used  routinely  to  analyze  unknown  PTH 
derivatives  from  the  Beckman  Sequencer. 

A  new  method  for  the  determination  of  the  amino  acid  sequences  of 
polypeptides  has  been  developed  which  utilizes  enzymatic  dipeptidyl  amino 
peptidase  digestion  of  the  polypeptide  followed  by  gas  chromatography-mass 
spectroscopy  to  identify  the  suitably  derivitized  di peptide  reaction  products. 
This  method  offers  a  rapid,  sensitive  and  simple  means  of  carrying  out  such 
sequencing  operations  and  has  been  used  successfully  to  sequence  six  polypeptide 
unknowns.  Methods  presently  available  are  both  slower  and  more  complicated. 
These  protein  sequence  determinations  will  play  a  useful  part  in  furthering 
the  understanding  of  many  areas  of  biochemical  research. 

IV.  Mediators  of  Bronchial   Asthma 

A  study  of  the  mediators  and  their  mechanism  of  release  from  human  lung 
tissue  by  specific  antigen  should  aid  us  in  our  knowledge  of  human  allergies. 
For  this  purpose,  the  conditions  required  for  optimal   release  of  histamine 
from  human  lung  passively  sensitized  with  reagenic  antibody  has  been  re-examined. 
It  was  found  that  the  concentration  of  specific  antigen  necessary  to  induce 
release  varies  with  each  tissue  and  must  be  determined  before  reproducible 
results  can  be  obtained.     With  this  standardized  technique  it  could  also  be 
shown  that,   in  addition  to  histamine,  an  arginine  esterase  is  released.     Both 
histamine  and  arginine  esterase  are  released  to  a  similar  extent  and  over  the 
same  time-course.     Preliminary  evidence  suggests  that  this  esterase  is  not 
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itself  a  mediator  of  either  a  kallikrein  or  an  activator  of  plasria  ka'llikrcin. 
It  ::iay  be   the  DFP-inhibi table  esterase  proposed  by  others  whose  activation  is 
thought  to  be  required  for  histamine  release,  but  further  studies  will   be 
required  to  establish  this  relationship. 

The  effect  of  bradykinin  on  isolated  human  bronchi   has'  also  been  examined. 
Of  eight  tissues  tested,   bradykinin  caused  relaxation  in  4  tissues  and  contracted 
the  remaining  tissues.     Attempts  to  quantitate  the  contractile  response  have 
been  unsuccessful.     It  is  suggested  that  both  of  these  responses  are  due  to 
the  release  of  secondary  substances,  such  as  the  prostaglandins,  from  human 
bronchi. 

Studies,  have  been  initi,at;ed  to  devise  methods  for  the  purification  of 
human  SRS-A.     This  vasoactive  substance,   first.^described  in  1940,   has  not 
yet  been  purified  and  its  chemical   structure  remains  unknown.     Our  studies 
have  shown  that  partial   purification  of  human  SRS-A  can  be  achieved  and  that 
at  least  four  forms  of  SRS-A  exist  which  differ  siqnificantly  from  those 
previously  partially  purified  from  the  rat,   cat  and  guinea  pig. 
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Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:     Studies  in  calcium  and  phosphorus  metabolism.     I.  Studies  on 
the  collagen  of  osteoporotic  bone. 

Previous  Serial   Number:     NHLI-315(c) 

Principal   Investigator:     Joseph  Walton,  M.D. 

Other  Investigators:     Catherine  Delea  and  staff 

Cooperating  Units:     P.  Dyers,  M.D.  and  G.  Martin,  D.D.S.,  N.I.D.R. 

Project  Description: 

Objectives: 

To  determine  if  detectable  abnormalities  exist  in  the  collacien  of 
osteoporotic  bone. 

Methods  Employed: 

Seven  percutaneous  iliac  crest  bone  biopsies  have  been  taken  from  five 
patients  with  osteoporosis  and  two  from  controls;  one  adult  with  total  hip 
replacement  and  one  nine-year-old  child  who  died  of  panencephalitis.  Decal- 
cification and  dissolving  of  soluble  collagen  were  accomplished  by  dialysis 
in  acetic  acid.  Homogenization  of  the  material  in  the  dialysis  bag  follov/ed 
by  centrifugation  and  collection  of  supernatant  yielded  the  soluble  collagen 
from  each  bone  sample. 

Comparison  of  hydroxyproline  in  an  aliquot  of  supernatant  with  that  in 
an  equal   aliquot  of  homogenate  prior  to  centrifugation  gave  an  estiinate  of 
soluble  collagen. 

Each  supernatant  containing  soluble  collagen  was  lyophilized  and  the 
remaining  material   subjected  to  gel  electrophoresis. 

Major  Findings: 

1)  The  fractions  of  soluble  collagen  in  the  osteoporotic  samples 
compared  with  the  control   samples  are  shown  in  Table  I.     The  fractions  of 
soluble  collagen  in  the  two  control   samples  were  surprisingly  high.     Several 
attempts  to  get  control   bone  samples  from  patients  who  died  suddenly  were 
unsuccessful . 
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2)  As  reported  in  1973  the  gels  for  the  first  two  osteoporotic  bone 
samples  showed  a  large  band  migrating  in  the  area  expected  for  procollagen. 
Further  purification  of  soluble  collagen  from  both  those  samples  abolished 
the  bands.  Subsequent  samples  were  carefully  washed  with  saline  prior  to 
decalcification  and  the  bands  were  no  longer  seen. 

I 

Studies  in  Progress:  '' 

This  investigation  is  being  terminated. 

Publications: 

1.  Henneman,  D.H.,  Pak,  C.Y.C.,  and  Bartter,  F.C.  Colleagen  com- 
position, solubility  and  biosynthesis  in  fibrogenesis  imperfecta  ossium. 
In:  Clinical  aspects  of  metabolic  bone  disease. (eds. )  Frame,  B.,  A.M.  Par- 
fitt  and  Duncan,  Howard,,  1973,  pp. 469-472. 
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TABLE  I 

Osteoporotic  Patients 

J 

%  Soluble  Collagen 

I.e. 

f'*' 

1.9 

T.C.  (repeat  biopsy) 

3.5 

M.D. 

4.0 

M.D.  (repeat  biopsy) 

2.2 

J.B. 

6.4 

A.C. 

6.0 

S.T. 

5.5 

Control  Patients 

Surgical  specimen  from  adult 

Postmortuip  specimen  from  9-year-old 


%  Soluble  Collagen 
7.2 
8.6 
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Project  Title:   Studies  In  calcium  and  phosphorus  metabolism.  II.  The  use  of 
17a-estradlol  in  osteoporosis. 

Previous  Serial  Number:   NHLI-316Cc) 

Principal  Investigators:   Walton,  J,,  M.D.  and  Bartter,  F.C.,  M.D. 

Other  Investigators:  Delea,  C.  and  staff 

Project  Description: 

Objectives:  I 

To  determine  if  17a-estradiol,  a  "non-estrogenic  estrogen",  is  useful 
in  the  treatment  of  osteoporosis. 

Methods  Employed: 

Only  patients  with  documented  idiopathic  osteoporosis  (multiple  vertebral 
compression  fractures)  are  studied.   Elach  is  admitted  to  the  metabolic  ward 
and  is  given  10  pgm/kg/day  of  17a— estradiol  for  20  days.  The  response  of  each 
patient  is  evaluated  In  terms  of  calcium  absorption,  calciun  and  phosphorus 
balance  study  before,  during,  and  after  treatment,  and  in  vitro  study  of  bone 
biopsy  material  before  .and  after  treatment. 

I 
Major  Findings:  i 

Three  patients  were  studied  using  this  protocol;  two  middle-aged  males 
and  one  postmenopausal  female.   None  enjoyed  substantial  subjective  improvement 
in  pain  nor  more  objective  improvement  in  calcium- phosphor us  balance.   Two 
had  measurements  of  gastrointestinal  calcium  absorption  before  and  during 
treatment.   These  values  were  not  significantly  different.   The  same  two 
patients  had  bone  biopsies  before  and  during  treatment  with  17a-estradiol  for 
measurement  of  %  soluble  collagen.   Those  values  were  not  different. 

Studies  in  Progress :  > 

It  is  felt  that  the  results  in  three  patients  are  not  sufficiently 
encouraging  to  warrant  further  studies. 

Publications : 

None. 
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July  1,   1973  through  June  30,   1974 

Project  Title:      Studies  in  calciiim  and  phosphorxis  metabolism.      III.    Treatment 
of  Osteoporosis  with  calcium  infusions. 

Previous  Serial  Number:     NHLI-317Cc) 

Principal  Investigators:  Walton,  J.,  M.D.  and  Bartter,  F.C.,  M.D. 

Other  Investigators:  Delea,  C.  and  staff 

Project  Description: 

Objectives: 

This  project  has  been  discussed  previously  as  NHLI-lll(c),  NHLI-243(C), 
and  NHLI-312CG).   Osteoporosis  remains  a  common,  disabling  disease  whose 
etiology  ±s   obscure  in  most  cases  and  whose  therapy  is  difficult  at  A>est. 
Calciimi  infusions  have  been  tried  therapeutically  in  this  laboratory  based 
on  the  theory  that  osteoporosis  could  result,  in  some  cases,  from  the 
secretion  of  too  much  parathyroid  hormone  CPTH)  and/or  too  little  calcitonin 
CCT) . 

Methods  Employed: 

Patients  to  be  admitted  to  the  Clinical  Center  and  initially  undergo 
careful  evaluation  to  rule  out  easily  correctable  causes  of  bone  wasting  such 
as  hyperparathyroidisim  and  osteomalacia.   For  those  whose  disease  must  be 
classified  as  idiopathic  CiucludIng  the  postmenopausal  group),  most  are 
treated  with  twelve  consecutive  days  of  calcium  infusions;  15  mg/kg  over  four 
Ipurs . 

Methods  of  evaluating  therapeutic  response  include  calcium  balance 
studies  before  and  after  infusions,  radiographs,  bone  densitometry,  measure- 
ment of  serum  PTH,  and  subjective  patient  response.   Bone  formation  rate  was 
evaluated  in  the  earliest  patients  but  not  in  more  recent  ones. 

Major  Findings: 

Ordinary  bone  radiographs  have  not  shown  changes  even  with  long  follow-up. 
This  is  not  surprising  considering  the  lack  of  sensitivity  and  reproducibility. 

Bone  densitometry  has  not  proved  useful  as  yet.   It  was  realized  a  year 
ago  that  the  system  we  employed  was  not  proving  satisfactory.   Attempts  to 
purchase  coimnercially  built  apparatus  have  not  been  successful. 
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TABLE  II 

NET  CALCIUM  BALANCE  IN 
POSTMENOPAUSAL  FEMALES  (mg/day) 

Months  Post  Infusion 

7-12 


-80 


Pt 

Afie 

Control 

1 

3-6 

IP 

65 

+15 

+40 

- 

MD 

48 

-20 

-20 

- 

HT 

45 

+15 

+265 

+115 

AC 

61 

-27 

+83 

+188 

AD 

52 

+125 

-116 

- 

GT 

48 

+183 

+185 

- 

EP 

64 

+81 

+91 

- 

JG 

75 

+15 

+84 

- 

NF  ■ 

56 

■K>3 

+57 

- 

RM 

47 

+57 

+12 

+99 

+93 


+45 
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The  measurement  of  serum  PTH  before  and  after  calcium  Infusions  In 
several  patients  has  shown  no  change.   It  Is  doiabtful  that  any  current  assay 
is  sensitive  enough  to  detect  the  small  changes  anticipated. 

The  calcium  balance  data  from  twenty-five  patients  are  presented  In 
Tables  1  and  2.   The  post-menopausal  female  patients  are  separate  because 
while  40-50%  of  the  predominantly  young  male  group  (Table  1)  had  subjective 
improvement  In  pain,  only  one  patient  In  the  postmenopausal  group  (AC)  had  a 
similar  response.  The  calcium  balance  data  tend  to  confirm  this  difference. 

Studies  in  Progress: 

A  paper  is  now  In  preparation  describing  our  results  with  postmenopausal- 
f emale  patients .  Because  we  feel  that  this  method  of  therapy  has  been 
adequately  described  In  the  llterattire,  no  further  patients  will  be  studied. 

Publications : 

1.  Pak,  C.Y.C.,  D.A.  East,  L.J.  Sanzenbacher ,  C.S.  Delea,  and  F.C.  Bartter. 
Gastrointestinal  calcium  absorption  in  nephrolithiasis.   J.  Clin.  Endo. 
and  Metab.  35:  261-270,  1972. 

2.  Middler,  S.,  C.Y.C.  Pak,  F.  Murad,  and  F.C.  Bartter.   Thiazide  diuretics 
and  calcium  metabolism.  Metabolism  22:  139-146,  1973. 

3.  Bartter,  F.C.  Bone  as  a  target  organ:  toward  a  better  definition  of  osteo- 
porosis. Perspectives  in  Biology  and  Medicine  16:  215-231,  1973. 

4.  Bartter,  F.C.   Osteoporosis.   In:  Yearbook  of  Science  and  Technology, 
Lapedes,  D.N.,  Ed.,  New  York,  McGraw-Hill,  308-309,  1973. 

5.  Bartter,  F.C.   Hereditare  Tubulopathlen.   In:  Innere  Medizin  in  Praxis 
und  Kllnik,  Band  II,  Hornbostel,  Kaufmann,  Siegenthaler,  Eds.,  Georg 
Thieme  Verlag  Stuttgart,  138-148,  1973. 
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Individual   Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:     Studies  in  calcium  and  phosphorus  metabolism.     IV.  Treatment 
of  Vitamin  D  resistance  with  U-hydroxylated  D2  derivatives. 

Previous  Serial  Nunber:     None 

Principal  Investigator:     Joseph  Walton,  M.D. 

Other  Investigators:     Catherine  Delea  and  staff 

Project  Description: 

Objectives: 

Following  on  the  heels  of  the  discovery  of  25-hydroxycholecalciferol 
(25-OHDo),  was  the  finding  that  an  even  more  active  compound,  lc<",25-dihydroxy- 
cholecafciferol    (lo<,  25-OHDo)  resulted  from  a  renal   hydroxylating  system. 
While  loc,25-0HD,  has  proven  tedious  and  difficult  to  produce,  1-x-hydroxychole- 
calciferol    (loc-OHD,)  is  much  easier  to  make  and  appears  to  have  equal   activity 
in  animals.     These  were  of  particular  interest  to  us  because  of  two  patients 
under  our  care  with  post-surgical   hypoparathyroidism  and  severe  vitamin  D-     g 
resistance  with  massive  daily  doses  of  the  various  vitamins  D  (up  to  15  x  10 
units  in  one  patient)  serum  calciums  remained  in  the  range  of  5,0-6.5  mg%. 
It  seemed  of  paramount  importance  to  learn  if  these  patients  were  responsive 
to  either  lo<,  25-OHD3  or  U-OHD3. 

Methods  Employed: 

Both  patients  were  admitted  to  the  Clinical  Center  and  received  either 
lo(,  25-OHD-  or  Ix-OHD,  under  balance  conditions. 

Major  Findings: 

Patient  A.S.   received  lo<,25-0HDo.   0.8  ^gm  IV  daily  for  eight  days.     Mean 
serum  calcium  prior  to  administration  was  6.8  mg/100  cc  (6  values).     During 
administration  of  l-^,  25-OHD,  mean  serum  calcium  was  8.0.(7  values).     During 
the  seventeen  days  followinq  discontinuation  of  the  drug  the  mean  serum  calcium 
was  8.2  mg/100  cc   (7  values;.     During  the  two  months  following  discharge  this 
patient's  serum  calcium  gradually  returned  to  pretreatment  values  despite 
administration  of  vitamin  Dp,  500,000  units  IM  per  day. 
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In  the  second  patient,  L.  G.  received  1<<-0HD2.  1.0  mgm  po.  per  day 
for  twelve  days  and  2.0  mgm  po  per  cjay  for  light  days.     Mean  serum  calcium 
during  the  pretreatment  period  was  5.5  mg/100  cc  (10  values).     While 
receiving  1.0  ugm/day,  serum  calcium  averaged  6.6  mg/100  cc  (12  values). 
When  the  dose  of  loC-0HD3  was  raised  to  2.0  fig/day,  serum  calcium  averaged  7.6 
mg/lOO  cc  (5  values).     During  the  eleven  days  post  treatment  serum  calcium 
averaged  7.4  mg%  and  was  6.0  by  the  seventh  post-treatment  day. 

Thus  it  appears  that  near-physiologic  doses  of  K-hydroxylated  Dj 
derivatives  will  prove  useful   in  the  treatment  of  post-surgical  hypoparathy- 
roidism with  vitamin  D-resi stance. 

Studies  in  Progress: 

No  further  studies  are  currently  in  progress. 
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Project  Title:  Plasma  and  urinary  cyclic  AMP  as  an  aid  in  the  diagnosis  of 
hyperparathyroidism  and  other  hypercalcemic  states. 

Previous  Serial  Number:  None. 

Principal  Investigator:  Broadus,  A.E.,  M.D.,  Ph.D. 

Other  Investigator:  Bartter,  F.C.,  M.D. 

Cooperating  Units:  Mahaffey,  J.,  M.D.  and  Neer,  R.,  M.D.,  Endocrine  Unit, 
Massachusetts  General  Hospital,  Boston,  Mass. 

Project  Description: 

Objectives: 

Parathyroid  hormone  (PTH)  exerts  its  effects  on  bone  and  kidney  via  the 
second  messenger,  cyclic  AMP.  Some  of  the  cyclic  AMP  generated  in  the  kidney 
in  response  to  PTH  escapes  into  the  urine.  This  finding  has  led  a  number  of 
investigators  to  examine  the  utility  of  urinary  cyclic  AMP  in  the  diagnosis 
of  parathyroid  and  calcemic  disorders.  In  general,  the  results  of  such  studies 
have  been  disappointing.  A  knowledge  of  the  basic  physiology  of  the  cyclic 
AMP  present  in  extracellular  fluids  readily  explains  why  studying  urinary 
cyclic  AMP  alone  (e.g.,  24-hour  urine  specimens)  has  not  provided  a  particularly 
good  index  of  parathyroid  function. 

The  cyclic  AMP  in  human  urine  is  derived  from  two  sources.  A  oortion  is 
derived  from  plasma  by  glomerular  filtration  ("filtered"  cyclic  AMP)  and 
another  portion  is  produced  by  the  kidney  and  excreted  directly  ("nephrogenous" 
cyclic  AMP).  It  is  important  to  note  that  nephrogenous  refers  to  a  mechanism 
distinctly  different  from  tubular  secretion.  In  normal  subjects  total  urinary 
cyclic  AMP  varies  over  a  3-4  fold  range  and  bears  no  consistent  relationship 
to  the  amount  derived  from  plasma  or  the  kidney.  Since  only  nephrogenous 
cyclic  AMP  is  related  to  circulating  PTH,  the  above  facts  explain  why  total 
urinary  cyclic  AMP  has  been  of  limited  utility  in  the  diagnosis  of  parathyroid 
disorders. 

It  should  also  be  noted  that  plasma  parathryoid  hormone  (determined  by 
radioimmunoassay)  has  not  proved  to  be  as  useful  in  diagnosis  as  had  been 
predicted,  the  result  presumably  of  the  multitude  of  circulating  fragments  of 
"parathyroid  hormone".  There  is  much  ongoina  controversy  in  this  field,  but 
suffice  it  to  say  that  there  exists  presently  no  highly  specific  and  sensitive 
index  of  parathyroid  function. 


The  objectives  of  the  present  study  are  to  study  the  utility  of  measure- 
ments of  nephrogenous  cyclic  AMP  in  parathyroid  disease  and  other  disorders  of 
calcium  metabolism.  Much  information  is  also  needed  from  normal  volunteers. 

Methods  Employed: 

Plasma  and  urinary  cyclic  AMP  are  measured  by  a  ligand  binding  assay 
after  purification  over  ion  exchange  columns.  The  plasma  method  is  newly 
developed  by  us  (as  yet  unpublished).  Inulin,  creatinine  and  other  determina- 
tions are  by  routine  analyses. 

The  patients  under  study  include  those  with  hyperparathyroidism  (definite 
and  suspect),  hypoparathyroidism  and  hypercalcemia  of  diverse  etiologies. 
Since  it  is  not  clear  how  specific  a  measure  of  nephrogenous  cyclic  AMP  is 
required,  patients  are  undergoing  a  variety  of  studies  involving  creatinine 
clearances,  inulin  clearances  and  calcium  infusions  (to  suppress  nephrogenous 
cyclic  AMP).  The  data  obtained  varies  correspondingly  from  precise  measures 
of  nephrogenous  cyclic  AMP  to  simple  clearance  ratios  of  cyclic  AMP  to  creati- 
nine. As  experience  is  gained,  the  procedures  will  be  simplified  to  yield 
maximun  specificity  with  minimum  procedural  difficulty.  It  is  important  to 
note  that  peripheral  levels  of  parathyroid  hormone  are  being  measured  in  $11 
patients  to  give  direct  comparison  between  usefulness  and  specificity  of  the 
PTH  and  cyclic  AMP  determinations.  The  patients  in  Boston  are  being  approached 
in  the  same  fashion,  with  minor  modifications. 

Major  Findings: 

Approximately  seven  months  were  spent  working  out  methodology,  so  that 
only  approximately  six  patients  with  hyperparathyroidism  have  been  studied  in 
detail.  Also,  the  collaborative  study  in  Boston  is  just  beginning. 

In  general,  the  results  are  those  which  were  anticipated.  Data  as  simple 
as  cyclic  AMP:  creatinine  clearance  ratio  provide  a  much  better  index  of 
parathyroid  dysfunction  than  total  excretion  of  the  nucleotide.  The  clearance 
ratio  has  been  diagnostic  in  most  patients.  This  result  is  quite  gratifying, 
since  this  procedure  is  a  simple  outpatient  test.  Several  patients  with 
borderline  serum  calciums  who  have  presented  difficult  diagnostic  problems 
have  required  more  precise  information  for  diagnosis  (i.e.,  inulin  and  cyclic 
AMP  clearances  and/or  calcium  infusions).  In  these  latter  patients,  plasma 
PTH  has  been  persistently  normal.  Thus,  our  preliminary  findings  indicate  that 
estimates  of  nephrogenous  cyclic  AMP  is  a  sensitive  and  specific  index  of  para- 
thyroid function. 

Publications: 

None. 
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Project  Title:     Circadian  excretion  of  sodium,  potassium,  calcium,  phosphorus, 
magnesium  and  pH  in  patients  with  alterations  in  calcium 
metabolism. 

Previous  Serial   Number:     None 

Principal   Investigator:     Manuel  Dominguez,  M.D.  and  F.C.   Bartter,  M.D. 

Project  Description: 

Objectives: 

In  this  project  we  will  obtain  information  regarding  the  circadian 
excretion  of  sodium,  potassium,  calcium,  phosphorus,  magnesium  and  pH  in 
patients  with  abnormalities  in  calcium  metabolism  and  attempt  to  relate 
these  findings  to  the  underlying  disease. 

Methods  Employed: 

Patients  to  be  studied  are  admitted  to  the  Clinical   Center  and  initially 
undergo  careful   evaluation  to  establish  the  correct  diagnosis.     Each  will 
initially  be  fed  a  metabolic  diet  containing  600  mg  of  calcium,   800  mg  of 
phosphorus,  69  mEq  of  sodium  and  a  constant  water  intake.     Urine  will   be 
collected  every  four  hours  during  a  continuous  72-hour  period. 

The  laboratory  determinations  of  each  sample  will  be  done  by  the  current 
techniques. 

Major  Findings: 

An  understanding  of  circadian  variation  in  urinary  excretion  of  sodium, 
potassium,  calcium,  phosphorus,  magnesium  and  pH  may  provide  more  information 
about  pathophysiology  of  calcium  metabolism  disease.  On  the  other  hand,  we 
may  obtain  a  rational  basis  for  administration  of  various  therapies,  for 
example,  hydrochlorothiazide  and  cellulose  phosphate  in  idiopathic  hypercal- 
ciuria. 

Publications: 

None. 
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Project  Title:  Evaluation  of  sodium  cellulose  phosphate  in  patients  with 
intestinal  hyperabsorption  of  calcium  with  hypercalciuria 
and  nephrolithiasis. 

Principal  Investigator:  Manuel  Dominguez,  M.D. 

Project  Description: 

Objectives: 

To  determine  the  efficacy  of  sodium  cellulose  phosphate  (SCP),  in  a  long- 
term  study  of  patients  with  intestinal  hyperabsorption  of  calcium. 

Methods: 

Patients  with  nephrolithiasis  may  be  of  either  sex  between  the  ages  of  18 
and  70  years.  They  will  be  admitted  to  the  Clinical  Center  and  evaluated  to 
determine  the  etiology  of  their  nephrolithiasis.  Methods  of  diagnosis  include 
response  In  the  urinary  excretion  of  phosphorus  after  a  calcium  infusion, 
measurement  of  serum  PTH,  excretion  of  CAMP  and  calcium  absorption. 

The  patients  with  intestinal  hyperabsorption  of  calcium  will  be  treated 
with  sodium  cellulose  phosphate,  at  the  doses  of  5  gm  twice  or  threie  times  a 
day,  during  the  meals,  according  to  the  mean  excretion  of  calcium  (250  mg  or 
more  in  24  hours). 

Complete  physical  examination  and  screening  laboratory  data  as  well  as 
24-hour  urinary  calcium  and  activity  products,  will  be  obtained  during  the 
first  week  of  the  fourth,  eighth  and  twelfth  months  of  treatment. 

Major  Findings: 

According  to  the  results  of  Dr.  Bartter's  group,  sodium  cellulose 
phosphate  is  effective  treatment  for  intestinal  calcium  hyperabsorption  in 
terms  of  a  decrease  in  urinary  calcium,  a  decrease  in  activity  products,  and 
a  decrease  in  stone  formation. 

Studies  in  Progress: 

During  the  next  year  we  will  continue  the  long-term  evaluation  of  the 
effects  of  SCP  in  this  group  of  puLients. 
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Publications:        ,i..'-  NHLI-247(c) 

1.  Pak_,  C.Y.C.,  Delea,  C.S.  and  Bartter,  F.C,  Treatment  of  rpcurrpn^- 
nenhrolithiasis  vnth  cellulose  nhosohate.  New  Enqland  J.  Med.  290:  f75-lS7^ 
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Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  1.  To  establish  the  circadian  rhythm  of  activity  products 
in  normal  subjects. 

2.  To  measure  circadian  activity  products  in  patients  with 
disorders  of  calcium  metabolism. 

3.  To  measure  the  effect  on  circadian  activity  products  of 
cellulose  phosphate,  hydrochlorotiazide,  fluid  intake  and 
dietary  sodium. 

Previous  Serial  Number:  None. 

IPrincipal  Investigator:  Dominguez,  Manuel,  M.D. 

Other  Investigator:  Bartter,  F.C.,  M.D. 

Project  Description: 

Objectives: 

High  activity  products  have  been  seen  in  most  patients  with 
nephrolithiasis.  Those  patients  with  normal  24  hours  activity  products  have 
tended  to  have  elevated  values  during  at  least  one  four  hour  collection 
period  per  day.  Then  it  seems  pertinent  to  characterize  the  circadian 
pattern  of  activity  products  in  patients  with  disorders  of  calcium 
metabolism  as  well  as  normal  control  subjects.  In  the  patients  it  is  also 
important  to  characterize  the  effects  on  activity  products  of  several 
variables,  fluid  intake  and  dietary  sodium  and  forms  of  therapy  (hydro- 
chlorothiazide and  cellulose  phosphate). 

Methods  Employed: 

Patients  to  be  studied  are  admitted  to  the  Clinical  Center  and  initially 
undergo  careful  evaluation  to  establish  the  correct  diagnosis.  Each  will 
initially  be  fed  a  metabolic  diet  containing  600  mg  of  calcium,  800  mg  of 
phosphorus,  69  mEq  of  sodium  and  a  constant  water  intake.  Urine  will  be 
collected  ewery  four  hours  during  a  continaoas  72  hours  period.  The 
activity  products  of  each  four  hours  urines  collection  and  a  pool  of  24 
hours  will  be  determined  by  the  method  of  Pak  et  al . 

Major  Findings: 

In  general,  patients  with  nephrolithiasis  have  had  elevated  24  hours 
activity  products.  This  is  particularly  true  where  hyperabsorption  of 
intestinal  calcium  has  been  demonstrated.  Where  the  activity  products  of 
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24  hours  have  been  normal    {ratio<l),  the  circadian  variation  of  activity 
products  in  four-hours  collecSiori  has  been  examined  this  has  frequently 
shown  ratios^l   in  at  least  one  collection  per  day. 


Publications: 
None. 
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Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:  Release  of  ADH  by  Prostaglandin  E2  (PGE2) 

Previous  Serial  Number:  None. 

Principal  Investigator:  Stokes,  III,  J.B.,  M.D. 

Other  Investigators:  Kelly,  G.,  Tate,  J.  and  Smith,  G. 

Project  Description: 

Objectives: 

Incidental  observations  in  this  laboratory  have  lead  to  the  hypothesis 
that  prostaglandin  E2  when  infused  into  the  carotid  artery  of  dogs  causes 
antidiuresis,  primarily  due  to  the  release  of  antidiuretic  hormone.  This  effect 
is  directly  opposite  to  the  effect  of  prostaglandin  infused  into  the  renal 
artery  which  causes  natri uresis  and  water  diuresis.  Prostaglandins  have  been 
shown  to  play  a  role  in  the  regulation  of  neural  transmission  as  well  as  in  the 
regulation  of  3'  5'  cyclic  adenosine  monophosphate.  The  present  studies  attempt 
to  document  the  release  of  ADH  by  prostaglandin  E2  and  provide  some  insight  as 
to  the  mechanism  whereby  this  release  is  achieved. 

Methods  Employed: 

Water  diuresis  v/as  produced  in  female  dogs  weighing  17-22  Kg.  by  infusion 
of  2.5  %   dextrose  solution  containing  29  mEq/liter  sodium  bicarbonate.  Dogs 
were  either  unanesthetized,  or  anesthetized  with  chloralose  or  pentobarbital. 
Some  dogs  received  i.v.  propranalol  prior  to  the  experiment  and  some  dogs  were 
hypophysectomized.  After  collections  during  three  10-minute  control  periods, 
PGE2  was  infused  into  the  carotid  artery,  vertebral  artery,  or  forearm  vein 
at  4  ug/min.  for  30  minutes.  Following  the  PGE2  infusion,  the  dog  was  allowed 
to  equilibrate.  Collections  were  made  every  10  minutes  throughout  the  experi- 
ment. Clearances  of  paraaminohippurate  and  inulin  were  determined,  excretion 
of  Na  and  K  were  determined,  and  jugular  venous  concentration  of  ADH  was 
determined  by  Dr.  Gary  Robertson  of  Indianapolis,  using  a  radioimmunoassay 
technique.  From  determinations  of  urine  and  plasma  osmolality,  free  water 
clearance  (C^^o)  was  calculated. 

Major  Findings: 

Although  the  experiments  are  not  yet  completed,  preliminary  data  indicate 
that  infusion  of  PGE2  into  the  carotid  artery  causes  a  decrease  in  urine  flow, 
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an  increase  in  urine  osmolality,  a  decreased  free  water  clearance,  anJ  a  rise 
in  plasma  ADH  concentration.  These  chanoes  were  not  present  diirinn  intravonous 
infusion  of  PGE2  or  in  hypophysectomized  animals.  Durinn  the  infusion,  blood 
pressure  change  was  variable  but  tended  to  fall  slightly,  and  heart  rate  tended 
to  rise  slightly.  GFR  remained  unchanncd  and  renal  plasma  flo\y  tended  to  fall 
slightly.  Sodium  and  potassium  excretion  changed  inconsistently.  Results  of 
a  typical  experiment  are  summarized  below: 


HR 

BP 

V'Ui^a  mEq/min 

V'Uk  mEq/min 

Uosrr 

Cosm 

ADH  p<3/ml 

Control 

125 

141 

330 

47 

121 

4.645 

<0.7 

PGE2 

126 

133 

174 

56 

706 

-1.426 

43.5 

Post  infusion 

136 

135 

2^4 

57 

155 

2.208 

0.75 

GFR  Filtration  Fraction 
71  .337 

73  .431 

66  .333 

Preliminary  results  also  indicate  that  pentobarbital -anesthetized  animals 
respond  more  vigorously  to  PGE2  infusion  (by  ADH  release)than  do  dogs  anestne- 
tized  by  chloralose  or  anesthetized  animals.  Although  Beta  adrenerqic  stimu- 
lation is  known  to  stimulate  ADH  release.  Beta  blockade  by  propranalol  does  not 
eliminate  the  effect  of  PGE2  on  ADH  release.  The  results  are  consistent  with 
a  role  of  PGE2  acting  to  release  ADH  at  a  site  independent  of  or  distal  to  the 
beta  receptor. 

Publications: 

1.  Bartter,  F.C.  The  syndrome  of  inappropriate  secretion  of  antidiuretic 
hormone.  In:  Endocrine  and  Nonendocrine  Hormone-Producing  Tumors,  Chicago, 
Year  Book  Medical  Publishers,  115-129,  1973. 

2.  Bartter,  F.C.  Clinical  evaluation  of  hormonal  excess  and  deficiency. 
In:  Peptide  Hormones,  Amsterdam,  North-Holland  Publishing  Co.,  672-679,  1973. 

3.  Bartter,  F.C.  Pituitary  hormones  and  hypothalamic  release.  Kidney. 
In:  Peptide  Hormones,  Berson  and  Yalow,  Eds.,  Amsterdam,  North-Holland 
Publishing  Co.,  650-652,  1973. 

4.  Bartter,  F.C.  The  syndrome  of  inappropriate  secretion  of  antidiuretic 
hormone  (SIADH).  In:  Disease-A-Month,  Chicago,  Dowling,  H.F.,  Ed.,  Year  Book 
Medical  Publishers,  1-47,  1973. 

5.  Gross,  J.B.  and  Bartter,  F.C.  Effects  of  prostaglandins  E-] ,  A],  and 
F2a  on  renal  handling  of  salt  and  water.  Am.  J.  Physiol.  225:  218-224,  1973. 
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Serial  No.      NHLI-250 


1.  Hypertension-Endocrine  Br. 

2.  Steroid  &  Mineral  Metabolism 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual   Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:     Vagal   control  of  renin  secretion. 

Previous  Serial  Number:     None. 

Principal   Investigators:     Yun,  J.C.H.,  Ph.D.,  Delea,  C,  B.A.,  and  Bartter, 
F.C.,  M.D. 

Other  Investigators:     Kelly,  G.  and  Tate,  J. 

Project  DescHption: 

Objectives: 

There  is  evidence  that  some  receptors  served  by  the  vagal  nerves  may 
participate  in  the  regulation  of  water  and  electrolyte  balance.     Previous 
studies  from  this  laboratory  have  shown  that  the  vagal  nerves  may  control 
aldosterone  secretion.     It  is  therefore  possible  that  these  receptors  may 
control   renin  secretion  and,  through  the  renin-angiotensin  system,  control 
aldosterone  secretion  by  the  adrenal   cortex.     The  present  study  was  to 
investigate  if  these  receptors  served  by  the  vagal  nerves  do  control   renin 
secretion  and  if  so,  what  could  be  the  mechanism(s)  for  the  renin  release. 

Methods  Employed: 

NIH  hounds  were  maintained  on  180  mEq/day  sodium  diet  for  7-10  days, 
anesthetized  with  nembutal  and  ventilated  with  a  respirator.     Mean  arterial 
blood  pressure  (MABP)  was  measured  by  a  catheter  in  a  brachial  artery.     Renal 
perfusion  pressure  was  maintained  constant  by  the  manipulation  of  a  suprarenal 
aortic  snare.     Plasma  renin  activity  (PP.A)  was  determined  by  angiotensin  I 
radioimmunoassay.     Packed  cell   volume  (PCV)  was  determined  by  microcapillary 
method. 

Major  Findings: 

Cervical   vagotomy  in  the  dogs  maintained  on  high-salt  diet  caused 
increases  in  mean  arterial  blood  pressure,  plasma  renin  activity,  and  packed 
cell  volume  as  is  shown  in  the  table  below: 

Control  Vaqotomy 

MABP  (nmHg)  122.3+3.4  137.3+3.9  P  <  0.03 

PRA  (nq/ml/hr)  7.87+1.74  26.96+5.82  P  <  0.02 

PCV  (%)  47.1+(T.6  51.3+B".7  P  <  0.002 
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Vagal  cooling  to  3-5°  C.  had  the  same  effect  as  vaqotomy.  Propranolol 
infusion  abolished  the  increase  in  PRA,  but  not  MABP  and  PCV,  after  cervical 
vagotomy.  Splenectomy  did  not  prevent  the  rise  in  PCV  after  vagotomy. 

The  data  suggest  that  certain  receptors  served  by  the  vagal  nerves, 
possibly  the  cardiopulmonary  receptors,  as  well  as  arterial  baroreceptors, 
may  exert  an  inhibitory  effect  on  the  vasomotor  center.  Removal  of  this 
inhibition  by  sinoaortic  denervation  and  cervical  vagotoiriy  would  then  cause 
an  increase  in  the  sympathetic  discharge  to  the  kidney  and  the  adrenal 
medulla.  This  would  then  cause  an  increase  in  renin  secretion  from  the 
renin  producing  granular  cells  of  the  J-G  apparatus.  Increase  in  the  sympa- 
thetic discharge  to  the  peripheral  vessels,  with  the  increased  release  of 
catecholamines  from  the  adrenal  medulla  would  then  cause  an  increase  in  blood 
pressure,  which  may  then  shift  plasma  water  from  the  intravascular  to  the 
extravascular  space.  The  increase  in  PCV  after  cervical  vagotomy  is  probably 
due  to  increased  sympathetic  discharge  to  the  spleen  and  shifting  of  plasma 
water. 

The  data  suggest  that  these  receptors  served  by  the  vagal  nerve  may 
participate  in  the  blood  pressure  regulation.  Multiple  factors  regulating 
blood  pressure  are  being  investigated  in  order  to  define  the  etiology  of 
hypertension. 

Proposed  Course  of  Study: 

Experiments  are  currently  being  carried  out  to  examine  if  phenoxybenza- 
mine,  and  a  receptor  blocking  agent,  could  prevent  the  rise  in  blood  pressure 
after  cervical  vagotomy.  Experiments  are  also  being  done  to  test  if  the  rise 
in  PRA  after  cervical  vagotomy  could  be  abolished  by  adrenalectomy  and/or 
renal  denervation.  Plasma  water  will  also  be  measured  by  Evans  blue  dilution 
technique  to  elucidate  the  mechanism  for  the  increase  in  PCV  after  cervical 
vagotoniy. 

Publications: 

None. 
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PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:  Studies  in  the  syndrome  of  juxtaglomerular  hyperplasia,  hypo- 
kalemic alkalosis  and  hyperreninemia. 

Previous  Serial  Number:  None. 

Principal  Investigators:  Miller,  W.L.,  M.D.  and  Bartter,  F.C.,  M.D. 

Associate  Investigator:  Taylor  III,  M.D.,  A. A. 

Project  Description: 

Objectives: 

Since  the  initial  description  of  the  syndrome  of  hypokalemic  alkalosis, 
aldosteronism  and  juxtaglomerular  hyperplasia,  this  branch  has  maintained  an 
ongoing  interest  in  this  disorder.  Patients  suspected  of  having  the  disorder 
are  presently  being  studied  in  extenso,  including  renal  biopsy,  thorough 
evaluation  of  renal  handling  of  Na,  K,  and  water,  testing  of  arteriolar  sensi- 
tivity to  pressor  agents,  red  cell  concentration  of  Na,  and  evaluation  of 
therapy. 

Major  Findings: 

Nine  patients,  all  female,  ages  5  to  40  years,  have  been  evaluated  for 
this  syndrome.  Two  were  found  to  be  diuretic  abusers  and  vomiters,  three 
clearly  have  the  syndrome,  and  three  more  are  still  being  evaluated.  The  last 
patient  may  represent  a  variant  of  the  disorder  in  that  she  has  hypokalemic 
alkalosis,  aldosteronism  and  hyperreninemia,  with  histologically  normal  J-G 
apparatus  and  normal  arteriolar  sensitivity  to  angiotensin  II. 

These  patients  will  be  reported  when  all  studies  have  been  completed. 

Publications: 

None. 
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Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  Intermittent  hyperphosphatemia,  polyuria  and  seizures  -  A 
probable  new  familial  syndrome. 

Previous  Serial  Number:  NHLI  319(c) 

;Principal  Investigator:  Miller,  W.L.,  M.D. 

Other  Investigator:  Bartter,  F.C.,  M.D. 

Project  Description: 

Objectives: 

Over  the  past  three  years  this  laboratory  has  been  enqaqed  in  an  attempt 
to  elucidate  the  mechanism  and  etiology  of  a  disorder  characterized  by  inter- 
mittent attacks  of  polyuria  or  hyperphosphatemia  in  three  siblings.  Hyper- 
phosphatemia to  23.6  mg%  has  been  documented,  but  between  attacks  each' child 
is  well.  The  details  of  the  histories  of  these  children  and  the  studies 
employed  were  detailed  in  last  year's  report.  Two  new  facts  have  been  learned 
about  the  disorder  in  the  past  year.  First,  phospholipid  electrophoresis  on 
serum  obtained  during  an  attack  of  hyperphosphatemia  was  indistinguishable 
from  serum  obtained  from  the  same  patient  when  he  was  well;  this  indicates 
that  circulating  phospholipids  do  not  contribute  to  the  hyperphosohatenia, 
as  hypothesized  earlier.  Second,  a  vasopressin  clearance  study  d'urinn  an 
attack  of  polyuria  gave  normal  results,  indicating  the  polyuria  is  not  a  form 
of  diabetes  insipidus. 

A  clinical  and  laboratory  summary  has  been  written  and  will  soon  be 
submitted  to  the  Journal  of  Pediatrics. 

Publications: 

None . 
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Project  Title:     A  chronopharpacologic  study  of  the  effects  of  hydrochloro- 
thiazide on  urinary  potassium  loss. 

Previous  Serial   Numbers:     flone. 

Principal    Investigator:     Miller,  W.L.,  M.D. 

Other  Investigator:     Bartter,   F.C.,  M.D. 

Project  Description: 

Objectives:  ' 

The  diurnal   variation  in  urinary  potassium  loss  shows  a  peak  K  excretion 
between  12  noon  and  8  PM,  when  approximately  50%  of  the  24-hour  urinary 
potassium  is  excreted.     Hydrochlorothiazide,  a  potassium-ivastino  diuretic  of 
proven  antihypertensive  efficacy,  was  given  to  normal   volunteers  at  various 
times  of  day  to  determine  whether  the  amount  of  K  lost  could  be  reduced  by 
careful   timing  of  the  medication   (chronopharmacoloqy).     Urinary  Na  loss  and 
blood  pressure  are  also  measured  to  investigate  the  potential  mechanism  of 
the  drug's  antihypertensive  effect,  and  potential   chronopharmacologic  variables 
in  that  effect. 

Methods  Employed: 

Hydrochlorothiazide  was  administered  to  informed  normal   volunteers  under 
the  aegis  of  IND  #9942.     100  mg.   of  the  drug  was  administered  at  8  AM,  4  PM 
or  12  midnight  for  6  days;  placebo  vws  given  at  the  two  times  during  the  day 
when  the  volunteers  did  not  receive  the  drug.     4-hour  urine  collections  were 
analyzed  for  sodium,  potassium  and  creatinine;  blood  pressure  was  measured 
every  four  hours. 

Major  Findings: 

Eignt  normal   volunteers  have  completed  this  study,  the  last  ones  finishing 
in  mid-April,   1974.     The  data  have  not  yet  been  analyzed  in  a  conclusive  form. 

Publications: 

None. 
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Project  Title:  Circadian  rhythms  and  response  of  plasma  dopamine  beta 
hydroxylase  and  plasma  renin  activity  to  chanaes  in 
intravascular  volume. 

Previous  Serial  Number:  #NHLI311C  and  #NHLI310C. 

Principal  Investigator:  Miller,  Walter  L.,  M.D. 

Other  Investigator:  Bartter,  F.C.,  M.D. 

Cooperating  Units:  Friedhelm  Lamprecht,  formerly  with  the  Laboratory  of 
Clinical  Science,  NIMH. 

Project  Description  and  Methods  Employed: 

This  project  was  described  in  projects  reports  #MHLI311C  and  #;i!ILI310C 
submitted  1  year  ago.  No  new  methodology  has  been  employed  in  the  past 
year. 

Major  Findings: 

The  major  findings  are  as  described  in  the  above  cited  reports  of  one 
year  ago.  A  sufficient  number  of  normal  volunteers  has  now  participated 
in  the  project  so  as  to  make  all  the  results  statistically  significant. 

VJhile  plasma  dopamine  beta  hydroxylase  showed  no  measurable  cir- 
adian  variation,  plasma  renin  activity  did,  with  highest  values  at  8  a.m. 
and  lowest  values  between  12  noon  and  midnight.  The  denree  of  diurnal 
variation  in  renin  activity  was  greater  in  patients  on  9  mEq  Na  diets  than 
those  on  249  mEq  Na  diets.  Urinary  Na,  K,  Creatinine,  and  17-hydrcxy- 
cortiCesteroids  also  showed  significant  diurnal  rhythms.  Both  plasma 
renin  activity  and  dopamine  beta  hydroxylase  activity  decreased  when 
intravascular  volume  was  increased  with  infusion  of  albumin;  the  decrease 
was  significantly  greater  than  the  decrease  in  hematocrit,  indicating  a 
physiologic  result,  not  simply  dilution. 

Publications:  A  preliminaty  report  of  this  wor!;  has  anoeared  as  an 
abstract: 

Miller,  W.L.,  Lanprecht,  F.,  Cardon,  P.V.,  and  Bartter,  F.C.: 
"Responses  of  plasma  dopamine  beta  hydroxylase  and  plasma  renin  activity 
to  changes  in  intravascular  volume"  J.  Cliii.  Invest.  52:  57a.  1973. 

The  paper  describinn  the  final  results  is  in  semifinal  form  and  will 
soon  be  submitted  too. 
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Project  Title:     Effect  of  estrogen  on  the  unbound  aldosterone  in  plasma  and  on 
the  unconjugated  aldosterone  in  urine.     Effect  of  estrogen 
on  plasma  kallikrein  system  and  on  renin  dynamics. 

Previous  Serial  Number:     None. 

Principal   Investigators:     Antony  B.  Kurtz,  Ph.D.,  M.R.C.P.  and  Addison  A. 
Taylor,  M.D,,  Ph.D. 

Project  Description: 

A  proportion  of  women  who  take  estrogen  develop  hypertension.     Estrogen 
alters  several  aspects  of  the  renin-angiotensin-aldosterone  system  and  these 
may  play  a  part  in  estrogen-induced  hypertension.     Primary  effects  of  estrogen 
are  to  increase  plasma  concentrations  of  renin-substrate  and  of  Cortisol - 
binding-globulin   (which  also  binds  aldosterone).     A  study  of  the  non-protein 
bound  aldosterone  in  plasma  and  of  the  urinary  unconjugated  aldosterone,  which 
presumably  reflects  the  unbound  plasma  level,  has  been  planned  and  will   show 
whether  estrogen  alters  the  effective  plasma  aldosterone  level. 

Objectives: 

1)  To  set  up  a  radioimmunoassay  for  aldosterone  in  plasma,  plasma 
ultrafi Urate  and  urine. 

2)  To  use  this  assay  to  investigate  the  response  of  normal   volunteers 
to  estrogen. 

Methods  Employed: 

Aldosterone  radioimmunoassay  -  this  assay  uses  the  NIH  antiserum  (#088). 
Aldosterone  is  extracted  from  plasma  or  urine  with  methylene  chloride  and 
separated  from  cross  reacting  steroids  by  thin  layer  chromatography  on  silica 
gel.     The  eluted  aldosterone  is  then  assayed.     This  system  is  free  of  "blank" 
problems  and  is  of  sufficient  sensitivity  (2  pg/vial)  to  measure  the  aldosterone 
in  plasma  ultrafi  Urate,  which  is  prepared  by  centrifugation  of  plasma  through 
an  Ami  con  Centriflo  membrane. 

Major  Findings: 

A  new  simple  separation  procedure  has  been  developed  for  the  aldosterone 
assay.     It  uses  partition  between  toluene  (containing  scintillant),  and  50% 
saturated  ammonium  sulphate  solution  to  separate  free  from  bound  hormone  and 


allows  the  assay  to  be  performed  and  counted  in  the  same  vial.  This  method 
is  potentially  of  general  application  for  steroid  radioimmunoassays. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Knowledge  of  the  response  of  aldosterone  to  estrogen  will  help  in  the 
evaluation  of  patients  who  develop  hypertension  in  association  with  oral 
contraceptive  treatment  and  of  menopausal  patients  with  hypertension  who  are 
taking  estrogen.  This  area  of  research  has  a  direct  bearing  on  one  of  the 
basic  problems  of  hypertension,  which  is  one  of  the  foremost  interests  of 
the  NHLI. 

Proposed  Course: 

It  is  proposed  initially  to  evaluate  the  response  of  normal  volunteers 
to  estrogen  (project  number  J01.92  H  74),  and  subsequently  to  study  estrogen- 
associated  hypertension. 

Publications: 

None . 
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Project  Title:     A  circadian  study  of  factors  involved  in  regulation  of 
blood  pressure. 
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Principal   Investigator:   Kawasaki,  Terukazu,  M.D. 

Other  Investigators:     Delea,  C.S.,  Taylor,  A. A.,  M.D.,  Bartter,  F.C.,  M.D. 
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Project  Description: 

Objectives: 

Blood  pressure  is  determined  by  the  interrelationships  of  three 
factors:  cardiac  output,  intravascular  volume  and  peripheral  resistance. 
Each  of  these  factors  is  itifluenced  by  a  variety  of  other  factors,  including 
the  nervous  system,  secretions  from  the  adrenal  cortex  and  medulla,  and 
the  kidney. 

While  the  etiology  of  most  cases  of  hypertension  remains  obscure,  it  is 
well  known  that  there  are  a  number  of  humoral  factors  which  directly  in- 
fluence and  partially  control  blood  pressure. 

Previous  studies  in  this  and  other  laboratories  have  indicated  that 
most  of  all  these  factors  examined  show  a  circadian  variation.  Work  in  this 
laboratory  has  shown  that  not  only  circadian  rhythms  exist  in  blood  pressure 
In  normal  subjects,  but  that  many  hypertensive  patients  appear  to  have  a 
dyssynchrony  in  the  circadian  variations  In  other  factors  as  well. 

The  purpose  of  this  study  is: 

To  define  the  interrelationships  of  the  various  factors  influencing  the 
control  of  blood  pressure,  to  define  the  circadian  pattern  of  blood  pressure 
and  of  each  factor  in  the  hypertensive  patients,  and  to  define  the  etiology 
of  the  hypertension  by  a  mathematical  analysis  of  the  circadian  patterns. 

Methods  Employed: 

All  patients  admitted  to  the  ward  for  a  diagnostic  work-up  for  hyper- 
tension were  evaluated  according  to  the  following  protocol (see  Table  I.). 


&¥A. 


Niii,i-;;r)(i(.) 
TABLE  1 

„   .  .  ,  1st  day 

Constant  '      ^ 

9  mEq/day  Na 

70  mEq/day  K  diet  \    6th  day  :  24°  urine  for  aldo.  secretion  rate 

+  100  mEq/day  Na    1  7th  day  :  Four-hourly  blood  and  urine  for  24  hrs. 

Constant  Tf  ^  ^^^  [ 

9  mEq/day  Na      y  .' 

70  mEq/day  K  diet   ]  13th  day  :  24°  urine  for  aldo.  secretion  rate 

M4th  day  :  Four-hourly  blood  and  urine  for  24  hrs. 

Constant  /"l5th  day 

9  mEq/day  Na 

70  mEq/day  K  diet 

+  240  mEq/day  Na 

20th  day  :  24°  urine  for  aldo.  secretion  rate 
21st  day  :  Four-hourly  blood  and  urine  for  24  hrs. 
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All  hypertensive  patients  were  hospitalized  for  at  least  three  weeks 
and  they  took  constant  9  mEq/day  Na  and  70  mEq/day  K  diet  during  this  period. 
They  also  took  additional  100  mEq/day  of  NaCl  tablets  (10  mEq/tab)  for 
one  week  as  regular  Na  intake  and  240  mEq/day  of  NaCl  tablets  for  the  other 
one  week  as  high  Na  intake  period. 

Patients  had  a  blood  pressure  cuff  on  the  arm  to  measure  blood  pres- 
sure automatically  every  30  minutes  for  48  hours  by  means  of  blood  pres- 
sure machine  (Arteriosonde  #1216)  on  6th  through  7th,  13th  through  14th  and 
20th  through  21st  day. 

Four  hourly  blood  samples  were  obtained  for  hematocrit,  electrolytes, 
renin  (PRA),  aldosterone  (PAC),  deoxycoricosterone  (DOC),  18-OH-cortico- 
sterone  (18-OH-B),  prekallikrein,  prostaglandin  and  dopamine  beta  hydro- 
)y^lase  (DBH)  at  8  a.m.  through  8  a.m. 

Four  hourly  urine  samples  were  also  obtained  for  sodium,  potassium, 
creatinine,  volume,  17-OHCS,  catecholamine,  aldosterone  and  kallikrein. 

Ten  patients  (7  males  and  3  females)  were  established  on  this  pro- 
tocol, who  have  had  essential  hypertension  with  ages  between  24  and  62  years 
old. 

An  attempt  to  define  the  etiology  was  determined  by  physical  ex- 
amination, urinary  17-OHCS,  17-KS  excretion,  plasma  renin  activity  and 
aldosterone  concentrations,  aldosterone  secretion  rate,  several  kidney 
function  tests  including  rapid  sequence  IVP  and/or  renal  arteriography, 
renoscintigram,  renal  scanning,  renal  vein  sampling  and  VMA  arid  total 
metanephrine  excretion. 

As  one  individual's  24-hour  average  level  for  any  of  these  parameters 
may  often  be  several  fold  different  from  another's,  all  data  were  cal- 
culated as  percentages  of  that  individual's  mean. 

Major  Findings: 

No  remarkable  circadian  rhythm  in  plasma  Na  was  demonstrated  on 
regular,  low  and  high  Na  diet  [Figure  1   (a)].     Similarly,  plasma  K 
on  regular  and  high  Na  diet  failed  to  show  a  rhythm  [Fig.  2(a)].  However, 
plasma  K  on  low  Na  diet  showed  an  increased  amplitude  so  that  the  concentration 
at  peak  (4  p.m.)  is  8%  higher  than  the  lowest  at  4  a.m.     Although  the  low 
Na  diet  should  effectively  be  raising  the  plasma  K  at  the  beginning  (8  a.m.) 
of  the  second  day,  these  values  in  one-half  of  the  subjects  are  consistently 
lower. 

On  the  contrary,  urinary  Na,  K  and  17-OHCS  showed  remarkable  circadian 
rhythm  on  each  different  Na  diet  [Fig.  1(b),  2(b)].     The  pattern  resembled  that 
described  before  (Bartter,  F.C.  and  Delea,  C.S.).  There  is  a  well-defined 
circadian  rhythm  with  peak  between  12  noon  and  8  p.m.    This  corresponds  to 
published  data.     For  urinary  17-OHCS,  all  patients  studies  showed  the  same 
well-defined  circadian  pattern  with  small  SEM.     The  curves  for  17-OHCS  and 
urinary  K  followed  the  \/ery  same  pattern  with  peaks  between  12  noon  and  4  p.m. 
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and  nadirs  between  12  midnight  and  4  a.ni.     The  peak  for  urinary  K  on 
low  Na  diet,   however,  came  a  period  later  than  those  on  regular  and 
high  Na  diet.     The  amplitude  on  low  Na  diet  was  smallest. 

PRA  showed  a  rhythm  of  three  different  diets.     The  pattern  on  low 
Na  diet  is  quite  a  different  from  that  of  normal   volunteers  studied  by 
Dr.  Miller  in  this   laboratory.     The  samples  for  PP,A  in  this  study  were 
drawn  from  hypertensive  patients  who  were  permitted  to  be  active  ad 
libitum.     On  regular,   low  and  high  Na  diet  peak  PRA  were  117%,  135% 
and  127%  of  mean  at  8  a.m.  with  a  nadir  of  80%  of  mean  at  4  a.m.   on 
regular  Na,   51%  if  mean  at  8  a.m.  on  low  Na  and  72%  of  mean  at  4  p.m. 
on  high  Na  diet,  respectively  [Fig.   3(a)]. 

Urinary  aldosterone  also  had  a  rhythm  with  a  peak  of  whicii  was  at 
8  a.m.   through  12  noon  or  12  noon  through  4  p.m.  with  a  nadir  at  12 
midnight  through  4  a.m.   [Fig.   3(b)].     Six  out  of  10  patients  had  a 
similar  pattern  as  that  of  17-OHCS  which  v/e  are  going  to  use  a  stable 
standard  curve.     The  other  four's  data  varied  in  all   directions. 

Blood  pressure  was  measured  daily  every  4  hours  and  for  the  cir- 
cadian  days  every  one-half  hour.     Of  25  patients   (15  in  addition  studied 
on  another  protocol)  studied  on  the  3  different  sodium  intake,   10  showed 
a  high  degree  of  salt  sensitivity.     Five  of  the  10  yielded  a  positive 
diagnosis  for  primary  aldosteronism. 

Proposed  Course: 

At  least  10  more  patients  will   be  subjected  to  this  protocol.     Five 
normal   subjects  will   be  studied  in  this  fashion.     Specimens  not  yet  an- 
alyzed for  DBH,  prekallikrein,  prostaglandins,   plasma  aldosterone,  DOC, 
18-OH-B,   18-OH-DOC,   urinary  catechols  and  urinary  kallirein  will   be 
determined. 

Further  mathematical   correlations  of  existing  data  will   be  per- 
formed using  the  17-OHCS  curve  as  a  stable  standard.     Blood  pressure 
data  are  being  computerized  for  further  analysis  of  curve  fitting. 

Biological   Significance: 

It  is  hoped  by  using  these  studies  to  uncover  the  etiology  of  the 
many  kinds  of  hypertension  now  classified  as  "essential". 

Publications: 

1.     Meyer,  W.J.,   Diller,  E.C.   and  Bartter,   F.C.     The  circadian 
periodicity  of  urinary  17-ketosteroids  in  congenital   adrenal   hyperplasia. 
Excerpta  Medica  International   Congress  Series     No.   256   (IV  International 
Congress  of  Endocrinology,  Washington,  D.C.     18-24  June,   1972),  82. 
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2.  Meyer,  III,  W.J.,  Delea,  C.S.,  and  Bartter,  F.C.:  Chronopharmacology 
in  the  treatment  of  hypertension  with  diuretics.  In:  J.  Urquhart  and 

F.E.  Yates  (Eds.)  TEMPORAL  ASPECTS  OF  THERAPEUTICS,  Alze  Conference  Series- 
Volume  2,  pp.  143-163,  1973.  New  York,  Plenum  Press 

3.  Pohorecky,  L.A.,  Baliga,  B.S.,  Wurtman,  R.J.  and  Bartter,  F.C.: 
Adrenocortical  Control  of  Catecholamine  Metabolism  in  the  Dog  Adrenal  Medulla: 
Relationship  to  Protein  Synthesis.  ENdocrinology  93:  1973,  pp.  566-574. 

4.  Levine,  J.,  Halberg,  F.,  Southern,  R.B.,  Bartter.  F.C.,  Meyer,  W.J. 
and  Delea,  C.S.:  Circadian  Phase-Shifting  with  and  without  Geographic  Dis- 
placement. Chapter  37  In:  BIORHYTHMS  AND  HUMAN  REPRODUCTION  Edited  by 

Dr.  Michel  Ferin  et  al .  Published  by  John  Wiley  &  Sons,  Inc.  1974,  pp. 557-574. 

5.  Meyer,  W.J.,  Delea,  C.S.,  Levine,  H.,  Halberg,  F.  and  Bartter,  F.C.: 
A  study  of  periodicity  in  a  patient  with  hypertension:  Relations  of  blood 
pressure,  hormones  and  electrolytes.  In:  CHRONOBIOLOGY  Edited  by  Scheving,  L.E. 
Halberg,  F.,  and  Pauly,  J.E.  Published  by  Igaku  Shoin  Ltd.,  Tokyo,  1974, 

pp.  99-108. 
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Figure  1(a). 
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Fiqure  2(a). 
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Fiqure  3(a). 
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Project  Description: 

Objectives: 

i 
Overproduction  of  sodium-retaining  adrenal  steroid  hormones  has  been  pro- 
posed as  a  mechanism  for  the  development  of  hypertension  in  those  subjects  who 
also  have  suppressed  plasma  renin  activity.  The  wel 1 -documented  syndrome  of 
Primary  aldosteronism  provides  a  model  for  this  type  of  hypertension.  The 
demonstration  of  elevated  18-OH  DOC  secretion  rates  in  3  of  12  hypertensive 
patients  with  suppressed  plasma  renin  activity  and  low  or  normal  aldosterone 
secretion  suggested  that  sodium-retaining  hormones  other  than  aldosterone  may 
also  participate  in  this  type  of  hypertension.  (Melby,  Dale  and  Wilson,  1971) 
Current  techniques  are  limited  by  the  lack  of  sufficiently  sensitive  methods 
for  detection  of  steroids  such  as  18-hydroxy  deoxycorticosterone  (18-OH  DOC), 
18-hydroxycorti costerone  (18-OH  B),  and  deoxycorticosterone  (DOC)  under  basal 
conditions.  A  sensitive  radioimmunoassay  for  aldosterone  in  plasma  and  urine 
has  been  perfected  in  our  laboratory.  The  aldosterone  radioimmunoassay  has 
been  used  as  a  sensitive  preoperative  predictor  of  adrenal  adenoma  vs.  adrenal 
hyperplasia.  Radioimmunoassay  for  DOC  has  been  developed  but  no  radioimmuno- 
assay is  available  for  18-OH  DOC,  or  18-OH  B. 

Objectives  are: 

1)  To  develop  radioimmunoassays  for  DOC,  18-OH  DOC  and  18-OH  B. 

2)  To  use  these  assays  to  investigate  the  normal  control  mechanisms  for 
these  steroids,  and  their  role  in  the  genesis  of  different  types  of  hypertension. 
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Methods  Employed: 

1.  DOC  radioimmunoassay  technique. 

a)  Antisera  -  antibodies  produced  in  rabbits  against  either  DOC-3- 
oxime  or  DOC-21-hemi succinate  conjugated  to  bovine  serum  albumin  were  used. 

b)  Separation  of  bound  from  free  hormone  by  an  in-vial  technique 
based  on  the  greater  solubility  of  free  hormone  in  toluene  when  a  toluene 
scintillant  cocktail  is  mixed  with  a  50%  ammonium  sulfate  solution  of  free 
and  bound  hormone  (Ekins,  et  al ,  1972). 

c)  Sensitivity  -  5-10  pg/tube. 

d)  Extraction  - 

Plasma  -  methylene  chloride, 
cyclohexane:  water  partition 
Urine  -  methylene  chloride. 

e)  Chromatography  -  thin  layer  chromatography  on  silicic  acid  plates 

using  a  chloroform-methanol -water  system. 

Major  Findings: 

Adequate  separation  of  DOC  from  testosterone,  progesterone,  and  17  alpha 
hydroxyprogesterone  can  be  achieved  in  a  single  plate  double  run  TLC  system 
as  above.  No  derivative  formation  is  required.  A  consistent  plasma  blank 
from  an  Addisonian  patient  of  10  pg/tube  is  demonstrated.  Normal  male  human 
plasma  DOC  is  10  ng/100  ml  plasma.  Pooled  normal  female  plasma  DOC  is  24  ng/ 
100  ml  plasma.  In  a  patient  with  11 -hydroxylase  deficiency  and  in  a  normal 
subject  after  metopirone,  plasma  DOC  was  greater  than  300  ng/100  ml  plasma. 

2.  18-OH  DOC  and  18-OH  B. 

a)  Antisera.  18-OH  DOC  and  18-OH  B  were  found  to  be  unstable. 
Compound  stability  was  achieved  by  formation  of  the  gamma  lactone  by  periodic 
acid  oxidation  (Farmer  et  al,  1970).  The  3-mono  oxime  was  then  produced  by 
conjugation  of  the  gamma  lactone  to  hydroxyl amine.  This  compound  was  conju- 
gated to  bovine  serum  albumin  and  antibodies  were  produced  in  rabbits,  sheep 
and  burros.  The  rabbit  antibody  can  be  used  at  a  titer  of  1:1200. 

b)  Tracer.  High  specific  activity  1,2  H^  18-OH  DOC  and  1,2  H^ 
18-OH  B  were  produced  by  incubation  of  1,2  H^  DOC  or  1,2  H3  B  (52  Ci/mM) 
with  rat  or  duck  adrenal  mitochondria  preparations. 

c)  Standard.  Commercially  obtained  18-OH  DOC  and  18-OH  B  were 
purified  by  paper  and  thin  layer  chromatography  and  are  currently  being  chemi- 
cally characterized  by  the  Medical  Research  Council  of  England. 
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Major  Findings: 

Preliminary  standard  curves  indicate  a  usable  assay  range  of  10-300  pg/ 
tube.  Cross  reactivity  studies  with  potential  interfering  steroids  and  initial 
measurements  of  plasma  18-OH  DOC  and  18-OH  B  are  in  progress. 

Publications: 

None. 
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Project  Description: 

ObJ  ectives :   1)  Demonstration  of  prostaglandin  (PG)  production  by  vascular 
smooth  muscle. 

2)  Alteration  of  PG  production  by  vasoactive  agents. 

Methods :  Rat  and  rabbit  aorta  helical  strips  are  placed  in  tissue  baths  in 
Krebs  bicarbonate  buffer.  After  several  control  periods  angiotensin  II  or 
norepinephrine  are  added  to  the  bath.   The  buffer  is  extracted  with  ethyl 
acetate  after  acidification.  Prostaglandin  E  and  F  are  measured  by  radio- 
immunoassay. 

Major  Findings;  Preliminary  studies  on  rabbit  aortas  showed  significant  pros- 
taglandin production  but  somewhat  Inconsistent  stimulation  by  angiotensin  II 
and  norepinephrine.  Later  more  extensive  studies  with  the  rat  aorta  demon- 
strated the  consistent  stimulation  by  angiotensin  II  (mean  increase  30%  above 
baseline) .  Norepinephrine  produced  smaller  and  less  consistent  stimulation. 

Significance  to  Biomedical  Research  and  Institute  Program:  These  findings 
represent  the  first  direct  demonstration  of  prostaglandin  production  by  vas- 
cular smooth  muscle  and  its  stimulation  by  angiotensin  II.  Prostaglandins 
may  act  as  a  mechanism  to  alter  and  modulate  the  vasoconstrictor  effects  of 
angiotensin  II  in  many  vascular  beds.   These  findings  could  have  important 
implications  in  the  understanding  of  the  control  of  blood  flow  in  the  micro- 
vasculature . 

Proposed  Course  of  Project:  The  above  observations  will  be  extended  to  other 
agents  which  cause  the  rat  aorta  to  contract  in  order  to  ascertain  whether  the 
observed  response  is  indeed  specific  for  angiotensin  II. 
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Project  Title:  The  Role  of  Endogenous  Prostaglandin  Sjm thesis  in  the  Control 
of  the  Coronary  Circulation 

Previous  Serial  Number:  NHLI-92 

Principal  Investigator:  R.  Wayne  Alexander,  M.D.,  Ph.D. 

Other  Investigators:  Kenneth  Kent,  M.D. ,  Ph.D. 
John  J.  Pisano,  Ph.D. 
Harry  R.  Reiser,  M.D. 

Cooperating  Units:   Cardiology  Branch,  NHLI 

Project  Description: 

Objectives:  To  ascertain  whether  prostaglandin  synthesis  in  the  dog  heart 
plays  a  role  in  the  control  of  corotxary  circulation. 

Methods :   The  left  main  coronary  artery  was  cannulated  and  perfused  in  two 
different  preparations.   In  the  first  preparation  the  left  main  coronary 
artery  was  perfused  via  an  extracorporeal  circuit  from  the  right  femoral 
artery  in  an  otherwise  intact,  open  chest  dog.   In  the  second  preparation,  a 
heart  lung  preparation  with  a  constant  after  load  of  100  mm  Hg,  the  left  main 
coronary  artery  was  perfused  via  an  extra-corporeal  circuit  from  the  main  extra 
corporeal  aortic  blood  flow.  The  coronary  sinus  was  cannulated  in  each  prepa- 
ration for  blood  sampling.  The  following  measurements  were  made: 

1)  coronary  blood  flow  by  means  of  a  flow  meter  interposed  in  the  extra- 
corporeal coronary  perfusion  circuit 

2)  systemic  arterial  pressure 

3)  left  atrial  pressure 

4)  arterial  pH,  PaCO-,  hemoglobin  saturation  and  coronary  sinus  levels 
of  lactate  and  prostaglandins  (FG) 


5)  cardiac  K^^^ 


6)  cardiac  tissue  P0„  by  means  of  an  epicardial  P0„  electrode 

Prostaglandins  were  measured  by  means  of  a  radioimmunoassay  after  organic  ex- 
traction, silicic  acid  chromatography  and  conversion  of  the  PGE  to  PGB  with 
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alkali  treatment.   Two  maneuvers  were  utilized  to  induce  changes  in  coronary 
flow.   First,  reactive  hyperemia  was  induced  by  occluding  the  coronary  per- 
fusion circuit  for  variable  periods  up  to  20  seconds.   Second,  hypoxia  was 
induced  by  ventilating  with  5%  O2,  5%  CO2  and  90%  N2.   Prostaglandin  and  lac- 
tate measurements  were  made  before  and  during  the  increased  coronary  flow  re- 
sulting from  these  interventions.   The  influence  of  synthetase  inhibition  on 
the  increased  coronary  blood  flow  resulting  from  hypoxia  and  from  temporary 
coronary  occlusion  was  studied  by  giving  two  biochemically  different  PG  syn- 
thetase inhibitors,  indomethacin  and  meclofenamate.   In  the  intact  animal  50 
mg  of  either  drug  were  infused  into  the  coronary  perfusion  circuit  over  15 
minutes.   In  the  heart-lung  preparation  15  mg  of  either  drug  were  Injected 
into  the  extracorporeal  circuit. 

Major  Findings:   Both  indomethacin  and  meclofenamate  markedly  attenuate  reac- 
tive hyperemia  in  the  intact  dog  and  in  the  heart-lung  preparation.   Indometha- 
cin and  meclofenamate  reduced  reactive  hyperemia  at  10,  15  and  20  seconds  of 
coronary  occlusion  by  50-60%  (p <  .025  for  each  interval).  Meclofenamate  gave 
similar  results.  An  increase  in  coronary  sinus  prostaglandin  E  concentrations 
during  reactive  hyperemia  was  observed  in  only  two  of  six  experiments  in  which 
it  was  measured.   Basal  concentration  of  PGE-like  material  decreased  in  each 
instance  after  PG  synthetase  inhibition,  however,  suggesting  that  intact 
prostaglandin  synthesis  is  necessary  for  the  normal  modulations  of  reactive 
hyperemia  in  the  canine  heart. 

In  the  heart-lung  preparation  the  increase  in  coronary  blood  flow  induced 
by  hypoxia  was  decreased  36%  after  prostaglandin  synthetase  blockade.  Thus, 
intact  prostaglandin  synthesis  is  necessary  for  the  normal  modulation  of 
hypoxic  hyperemia. 

Of  particular  interest  was  the  observation  that  in  the  heart-lung  prepa- 
ration there  was  a  progressive  increase  in  basal  coronary  blood  flow  during 
the  period  of  time  when  reactive  hyperemia  and  hypoxia  were  induced.  After 
each  intervention  the  basal  flow  increased  with  a  total  increase  of  up  to 
two-fold.   This  vasodilatation  was  consistently  associated  with  increased 
concentration  of  coronary  sinus  PGE  like  material.   Inhibition  of  PG  synthetase 
resulted  in  a  decrease  in  coronary  blood  flow  to  or  slightly  below  basal  levels 
and  in  a  decrease  in  coronary  sinus  PGE  concentrations.   The  apparently  direct 
correlation  between  coronary  blood  flow  and  coronary  sinus  PGE  concentration 
over  up  to  a  two  fold  range  without  significant  changes  in  cardiac  metabolism 
as  evidenced  by  constant  M702  ^^id  lactate  consumption  provides  further  evi- 
dence that  prostaglandin  are  of  importance  in  modulating  coronary  blood  flow 
especially  response  to  stress. 

Significance  to  Biomedical  Research  and  Institute  Program:   This  is  the  first 
demonstration  that  endogenous  prostaglandin  syntehsis  may  have  a  physiologic 
role  in  the  regulation  of  the  coronary  circulation.   We  believe  that  the  pro- 
gressive increase  in  coronary  blood  flow  seen  in  the  heart-lung  preparation 
is  due  to  a  decrease  in  sympathetic  tone  plus  the  effects  of  unopposed  endoge- 
nous PG  synthesis  with  resultant  dilatation.  With  inhibition  of  PG  synthesis 
the  blood  flow  returns  to  levels  determined  solely  by  the  metabolic  needs  of 
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the  heart.  This  work  has  Important  Implications  in  angina  pectoris  and  myo- 
cardial infarction. 

Proposed  Course  of  Project;  Tetiniriated . 

Honors  and  Awards:  None 

Publications:  None 


6S7 


Serial  No.   NHLI- 260(c) 

1.  Hypertension-Endocrine  Branch 

2.  Section  on  Experimental  Therapeutics 

3.  Bethesda,  Maryland 

PHS-NIH 

Indlvidiial  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   The  Role  of  Renal  Prostaglandins  in  Sodium  Homeostasis  and 
Blood  Pressure  Regulation 

Previous  Serial  Number:  NHLI-93(c) 

Principal  Investigators:  R.  Wayne  Alexander,  M.D. ,  Ph.D. 
Perry  V.  Halushka,  M.D.,  Ph.D. 

Other  Investigators:  John  J.  Pisano,  Ph.D. 
Harry  R.  Reiser,  M.D. 
John  R.  Gill,  Jr.,  M.D. 

Cooperating  Units:  None 


Project  Description: 
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Objectives;  To  develop  methodology  for  measuring  prostaglandins  in  biologic 
fluids  in  sub-nanogram  amounts  and  to  apply  these  methods  to  the  study  of 
the  role  of  prostaglandins  in  renal  physiology  and  pathology  and  in  hyper- 
tension. 

Methods :   I.  Radioimmunoassay  of  Prostaglandins.  Assays  have  been  developed 
which  can  measure  reliably  PGA,  FGl,  and  PGF  with  a  sensitivity  of  150  to 
200  pg. 

II.  Urinary  Prostaglandins.   Conventional  methods  of  extraction  and 
chromatography  of  prostaglandinn  proved  to  be  unsuitable  for  the  radio- 
iimnunoassay  of  urinary  prostaglandins.   Consequently,  methods  utilizing 
Sephadex  LH-r20  chromatography  for  the  purification  of  urinary  extracts  were 
developed  and  found  to  be  satisfactory  for  the  radioimmunoassay  of  PGE  and 
PGF. 

Major  Findings:  A.  Acute  Intravenous  sodium  loading  in  normal  women.  Lactated 
Ringer's  solution  was  infused  iato  8  normal  women  after  a  control  period  of 
D5W  infusion.   Six  of  eight  subjects  showed  an  increase  in  urinary  PGE  of 
from  30  to  70%.   One  of  eight  subjects  showed  little  change  and  one  had  a 
decrease  in  VGE   excretion  of  50%  which  was  associated  with  a  decrease  in  Cp^ 
of  25%.   Seven  of  the  eight  subjects  showed  an  increase  in  urinary  PGF  of  from 
30  to  40%.  Whereas  preliminary  findings  suggest  that  solute  loading  may 
result  in  increased  urinary  excretion  of  prostaglandins,  the  natriuresis  which 
characteristically  occurs  is  not  dependent  upon  an  increase  in  prostaglandin 
excretion  and  presumably  in  prostaglandin  synthesis. 
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B.   Acute  saline  Infusion  in  pentobarbital  anesthetized,  hypophysectomizec 
mongrel  dogs. 

Ob.jectives:   The  effect  of  saline  infusion  on  urinary  prostaglandins  E  and  F 
and  on  prostaglandin  E  in  left  renal  venous  blood  was  determined.   The  im- 
portance of  renal  prostaglandins  for  sodiiom  excretion  was  evaluated  by  in- 
hibiting prostaglandin  synthetase  with  indomethacin. 

Methods:  Water  diuresis  was  produced  in  anesthetized  hypophysectomized 
Cortisol- treated  dogs  by  infusion  of  a  2.5%  dextrose  solution.  When  urine 
flow  was  steady  clearance  measurements  were  started.  After  three  control 
periods  were  obtained.  Ringer's  solution  was  infused  at  10  ml/min.   After     ! 
six  20  minute  clearance  periods  were  obtained  indomethacin  7  mg  was  infused 
into  the  left  renal  artery  over  40  minutes.  i 

Major  Findings;   Infusion  of  Ringer's  solution  produced  an  increase  in  sodium  ', 
excretion  and  an  associated  decrease  in  prostaglandin  E  in  left  renal  venous 
blood  and  in  prostaglandins  E  and  F  in  the  urine  from  both  kidneys.   The 
super  imposition  of  indomethacin  was  associated  with  a  further  decrease  in 
prostaglandins  in  renal  venous  blood  and  urine  and  sodium  excretion  increased 
further.   The  results  are  summarized  in  the  table. 


LEFT  KIDNEY 


RIGHT  KIDNEY 


UpgV        Left 

Renal  Vein 
Ujg^V    E-F  like    PGE-like 


pEq/min  ng/20  min    ng/ml 


%aV 


UpcV 


E-F  like 


yiEq/min   ng/20  min 


Control 

17 

191-140 

.60 

Ringer ' s 

62 

82-90 

.37 

Indomethacin 

118 

28-57 

.10 

12 

184-132 

54 

82-93 

84 

30-50 

The  data  indicate  that  infusion  of  Ringer's  solution  leads  to  a  decrease  in 
prostaglandins  in  renal  venous  blood  and  urine,  changes  which  presumably  re- 
flect a  decrease  in  prostaglandin  synthesis.   Previous  studies  suggest  that 
volume  expansion  leads  to  a  decrease  in  adrenergic  activity.   In  the  present 
studies  anesthesia  could  have  increased  adrenergic  activity,  an  apparent 
potent  stimulant  to  prostaglandin  formation,  such  that  a  decrease  in  adrenergic 
activity  as  a  consequence  of  extracellular  volume  expansion  could  explain  the 
associated  decrease  in  prostaglandins.   A  further  decrease  in  prostaglandins 
in  response  to  indomethacin  was  without  effect  on  sodium  excretion,  inulin 
clearance  or  renal  blood  flow.   These  results  suggest  that  prostaglandins 
are  not  essential  to  the  natriuretic  response  to  saline  infusion  and  that 
considerable  inhibition  of  prostaglandin  synthesis  can  occur  without  important 
effects  on  renal  hemodynamics. 
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C.   Effects  of  alt^rad  sodlun  Intake  and  erect  posture  on  urinary 
prostaglandin  excretiom.  Nlae  f eaale  nonul  volunteers  were  placed  on  a 
9  mEq  Na"**  diet  for  4  days  or  a  259  aSq  N*"*"  diet  for  5  days.  On  the  last  day 
of  each  diet,  urine  collections  were  aade  from  5  to  9  am  supine  and  9  to  1  pm 
standing.  Urinary  prostaglandin  E  and  F2Q-lilce  material  were  estimated  in 
the  urine  by  previously  described  radio iamunoasaaya.   Table  1  shows  the 
results  of  these  studies.  \ 

Table  1 


9  mEq 

Na-^ 

259 

m£q  Na 

E* 

P 

E 

F 

Supine 

148  +  20 

325  +  31 

129  +  18 

305  +  42 

Standing 

136 

498  +  40t 

150 

362  +  40 

*ng/4  hr  (mean  +  S.E.M.) 

^p  <  .02  supine  vs.  standing 

Upon  assuming  the  upright  posture  there  was  a  significant  increase  in  the 
urinary  excretion  of  prostaglandin  F2  -like  material.  Of  further  interest 
is  that  7  of  the  9  normal  volunteers  Had  a  lower  excretion  of  prostaglandin 
F2o(  in  the  supine  position  on  a  259  mEq  Na"*"  diet  than  on  a  9  mEq  Na"^  diet. 
There  was  no  significant  difference  in  the  urinary  excretion  of  prostaglandin 
E-like  material  with  changes  in  posttire.  Seven  of  8  normal  female  volunteers 
had  a  higher  prostaglandin  E-like  excretion  in  the  supine  position  on  a  9  mEq 
Na  diet  than  on  a  259  mEq  Na"*"  diet.   It  would  appear  that  the  urinary 
excretion  of  prostaglandin  F-like  material  may  be  significantly  influenced 
by  changes  in  posture.   Furthermore,  it  would  appear  that  increased  sodium 
intake  leads  to  a  decrease  in  urinary  excretion  of  prostaglandin-like  material. 

D.  Prostaglandin  A.  Several  papers  have  appeared  in  the  literature  in 
recent  months  claiming  to  find  levels  of  prostaglandin  A  of  greater  than  1 
ng/ml.  Data  in  our  laboratory  in  20  normal  subjects  show  PGA  levels  of 
<  200  pg/ml  which  is  approximately  the  baseline  of  our  assay.  These  findings 
suggest  that  the  reported  levels  of  "PGA"  are  spuriously  high  and  cast  serious 
doubts  on  the  hypothesis  that  PGA  is  a  circulating  vasodepressor  hormone  in  man. 

Significance  to  Biomedical  Research  and  Institute  Program;  The  role  of 
prostaglandins  in  the  regulation  of  salt  and  water  balance  is  poorly  understood. 
It  has  been  recently  postulated  that  prostaglandins  of  the  A  or  E  series 
are  naturally  occurring  natriuretic  substances.  The  present  studies  do  not 
support  this  concept,  in  fact  they  would  tend  to  strongly  mitigate  against  the 
naturally  occurring  prostaglandins  of  renal  origin  as  playing  a  role  in 
natriuresis.  Furthermore,  there  is  no  evidence  that  prostaglandins  of  the  A 
series  are  circulating  vasodepressor  hormones. 
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Proposed  Course  of  Projects;   1.   Further  confirmation  of  the  radioimmuno- 
assay data  will  be  sought  using  the  ovariectomized  rat  uterus  for  bioassay. 
2.   Application  of  these  techniques  to  determine  if  renal  prostaglandin 
production  plays  any  role  in  himian  hypertensive  disease. 

Honors  and  Awards:   None 

Publications:  None 
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Previous  Serial  Number:  NHLI-99(c) 
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Project  Description: 

Objectives:  The  role  of  the  renin-angiotensin  in  sodium  homeostasis  has  been 
extensively  studied  in  normal  volunteers  and  patients  with  various  forms  of 
hypertension.  The  purpose  of  this  study  was  to  investigate  the  interrelation- 
ships between  the  renin-angiotensin  system,  plasma  prostaglandins  and  urinary 
and  plasma  kallikreln  In  normal  volunteers  and  hypertensive  patients  during 
changes  in  sodium  Intake. 

The  radioimmunoassay  of  plasma  renin  activity  has  continued  to  be  uti- 
lized in  conjvmction  with  studies  which  are  detailed  in  other  project  reports 
this  year. 

Methods:   The  radioimmunoassay  for  PRA  was  described  in  detail  in  last  year's 
annual  report  #NHLI-99(c). 

Major  Findings:  Plasma  renin  activity  was  studied  in  5  hjrpertensive  patients 
who  received  the  antihypertensive  agent  guanethldine.   This  was  done  in  con- 
junction with  the  study  on  the  effects  of  guanethldine  on  urinary  kallikreln 
excretion. 

Control  Guanethldine 

+ 

Supine         Standing     %  Increase      Sup.  STD       %  Inc.* 

PRA      3.6+1.3        8.4+3.3       105+41   2.3+1.3  11.6+6.4   468+20 

p  <  . 025  control  vs .  guanethldine  treatment 
*  =  ng/ml/hr  Angiotensin  I  generated 
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All  5  patients  demonstrated  a  greater  percentage  increase  in  PRA  in  the 
v  right  position  on  guanethldine  when  compared  to  the  control  values. 

Significance  to  Biomedical  Research  and  Institute  Program:   Since  the  develop- 
ment of  this  assay,  several  investigators  from  outside  institutions  have  come 
to  learn  the  radioimmunoassay  procedure  or  have  consulted  with  Dr.  Halushka 
on  problems  related  to  the  assay. 

Proposed  Course  of  Project:   This  assay  will  continue  to  be  used  to  measure 
PRA  in  various  forms  of  clinical  and  experimental  hypertension. 

Honors  and  Awards:  None 

Publications:  None 
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Project  Description: 

Objectives;  Alphamethyldopa  (Aldomet^)  has  been  shown  to  exert  its  anti- 
hypertensive effect  primarily  through  the  central  nervous  system  (J.  Pharm. 
Pharmac.  20:409,  1968).  Chronic  oral  treatment  with  alphamethyldopa  (200  mg/ 
kg/day)  in  dogs  has  reportedly  produced  a  significant  lowering  of  plasma  renin 
activity  (PRA).  The  purpose  of  this  project  was  to  determine  if  the  lowering 
of  plasma  renin  activity  was  mediated  through  the  central  nervous  system  or 
the  peripheral  adrenergic  nervous  system  and  if  the  lowering  of  the  PRA  was 
responsible  for  the  decrease  in  mean  blood  pressure. 

Methods:  PRA  was  measured  using  a  radioimmunoassay  as  described  in  last  year's 
report  #NHLI-103. 

Dogs  were  anesthetized  with  pentobarbital  (30  mg/kg)  Intravenously  and 
then  given  a  continuous  maintenance  dose  of  6  mg/kg/hr  Intravenously.   Sys- 
temic arterial  blood  pressure  was  measured  continuously  from  the  femoral 
artery  and  blood  samples  for  PRA  were  taken  from  the  external  jugular  vein. 
Since  the  preliminary  studies  did  not  allow  us  to  localize  the  site  of  action 
of  ot-methyldopa  on  the  PRA  or  to  determine  If  lowering  the  PRA  was  required  to 
decrease  the  blood  pressure  the  following  additional  experiments  were  performed. 

Eleven  dogs  underwent  unilateral  ligation  of  the  renal  vessels  and  contra- 
lateral denervation  of  the  kidney. 

Major  Findings;   In  the  group  of  dogs  which  underwent  unilateral  denervation 
and  contralateral  ligation  of  the  renal  vessels  the  control  PRA  was  12.1+1.9 
(mean+S.E.M.)  and  did  not  change  significantly  after  the  administration  of 
a-methyldopa  20  mg/kg  (I.V.)  over  a  4  hour  period  of  observations.  However, 
in  the  same  group  of  dogs  the  control  mean  blood  pressure  was  121  mm  Hg+2.0 
(mean+S.E.M.)  and  was  significantly  (p <  .05)  decreased  in  30  minutes  after  the 
start  of  the  infusion  of  a-methyldopa  and  remained  significantly  decreased 
(p <  .005)  for  4  hours  after  the  infusion.   In  the  dogs  which  received  only 
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u..llne  there  was  no  significant  change  in  their  FRA.  The  mean  blood  pressure 
of  the  saline  control  dogs  fell  significantly  (p  <  .05)  at  the  3  and  4  hour  time 
intervals.  However,  in  the  group  of  dogs  that  received  a-methyldopa  the  mean 
blood  pressure  at  the  3  and  4  hour  time  periods  was  lowered  to  a  significantly 
greater  extent  (p <  .005  aad  p <  .01) . 

Significance  to  Biomedical  Research  and  institute  Program;  These  studies 
prove  that  the  lowering  of  blood  pressure  by  a-methyldopa  is  not  dependent  on 
a  decrease  in  PRA  and  that  the  latter  is  the  result  of  inhibition  of  the  sym- 
pathetic nervous  system  activity.  These  studies  would  tend  to  support  the 
hypothesis  that  a-methyldopa  lowers  PRA  by  decreasing  the  activity  of  the 
adrenergic  nervous  system. 

Proposed  Course  of  Project;  This  project  has  been  terminated  and  the  major 
effort  of  the  principal  Investigator  is  now  in  the  prostaglandin  field. 

Honors  and  Awards;  None 

Publications: 

Halushka,  F.V.  and  Keiser,  H.R. :   Acute  effects  of  a-methyldopa  on  mean 
blood  pressure  and  plasma  renin  activity.  Circ.  Res.,  in  press. 
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malities In  the  excretion  and  metabolism  of  biogenic  amines 
in  studies  of  disease  In  man. 

Previous  Serial  Numbers:  NHLI-94(c)  and  HHLI -95(c) 

Principal  Investigators:  Michael  A.  Beaven,  Ph.D. 
Zdenka  Horakova,  Ph.D. 

Other  Investigators:  Harry  R.  Kelser,  M.D. 
Mr.  Richard  E.  Shaff 
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Morton  Grossman,  M.D. 

Cooperating  Units:  Laboratory  of  Clinical  Investigation,  NIAID 

Veterans  Administration  Hospital,  Los  Angeles, 
California 

Project  Description: 

Objectives:   This  project  incorporates  all  of  the  clinical  projects  described 
in  separate  reports  last  year.  Advantage  was  taken  of  the  recent  develop- 
ment of  specific  enzymatic  isotope  assays  of  histamine,  serotonin  and  other 
amines.   These  assays  (see  project  reports  NHLI  1972-73)  can  measure  pico- 
or  nanogram  quantities  of  these  amines  in  urine,  plasma,  and  other  body 
fluids  and  they  have'  a  specificity  and  precision  that  is  unobtainable  by  the 
fluorimetric  and  biological  procedures.   They  require  Inexpensive  equipment 
(apart  from  a  liquid  scintillation  counter)  and  allow  the  handling  of  over 
100  samples  by  one  operator.   Sensitive  Isotopic  assays  have  also  been 
developed  in  this  and  other  laboratories  for  the  enzymes  involved  in  amine 
metabolism  such  as  diamine  oxidase  (histamlnase) ,  monoamine  oxidase,  DOPA, 
histidine  and  ornithine  decarboxylases  as  well  as  tryptophan  hydroxylase. 
The  assays  of  these  enzymes  have  been  reviewed  in  earlier  reports. 

This  report  describes  our  continuing  study  of  diseases  associated  with  defects 
in  amine  storage  and  metabolism  and  Include  anaphylactic  reactions,  cold-  and 
cholinergic — induced  urticaria,  carcinoid,  mastocytosis,  Zollinger-Ellison 
syndrome.  Also  studied  were  diseases  in  which  alteration  of  amine  metabolism 
may  be  of  therapeutic  benefit,  e.g.,  Raynaud's  disease,  or  where  abnormali- 
ties in  amine  or  enzyme  levels  may  be  diagnostic,  e.g.,  medullary  thyroid 
carcinoma,  other  C-cell  carcinomas.  Oat  cell  carcinoma. 
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ar  studies  led  to  several  new  findings  (see  this  and  previous  year's 
reports  NHLI-185(c)  1972,  NHLI-186(c)  1972,  NHLI-94(c))  namely  the  high 
diamine  oxidase  and  DOPA  decarboxylase  activities  in  the  C-cell  tumors  such 
as  medullary  thyroid  carcinoma  and  a  deficiency  in  release  of  diamine 
oxidase  in  response  to  heparin  in  familial  Type  I  hyperlipoproteinemia 
OTHLI-94(c)) .  Although  these  studies  opened  up  new  areas  of  investigation, 
administrative  changes  of  the  former  Branch  (ETB)  and  the  transfer  of  two 
principal  investigators  (M.A.B.  and  Z.H.)  to  the  Pulmonary  Branch  has  pre- 
vented further  exploitation  of  these  findings  at  the  present  time. 

Methods :  Histamine  and  serotonin  in  urine  and  plasma  were  assayed  by  con- 
version to  ■'•^C-methyl-labeled  metabolites,  me  thy  Ihist  amine  for  histamine  and 
melatonin  (■'-^C-methyl)  for  serotonin,  by  means  of  specific  methyltransferase 
enzymes  and  ■'■^C-methyl-labeled  S-adenosylmethionine  as  the  methyl  donor. 
Subsequent  steps  involved  the  addition  of  unlabeled  carrier  and  extraction 
of  the  labeled  metabolites  for  the  assay  of  radioactivity.   Specially 
prepared  side-chain  %-labeled  amines  were  added  to  the  samples  as  tracers 
for  recovery.   These  assays  have  been  described  in  detail  in  previous  reports. 

For  studies  of  histamine  metabolism  in  man,  side-chain  labeled  3-'n-hlstamine 
(5  viGi/kg)  or  l^C-(2-ring  carbon) -histamine  (25  pCi/kg)  was  given  intra- 
venously and  the  subject's  urine  collected  on  ice  over  successive  6-hour 
periods.  Heparinized  blood  samples  were  taken  from  the  forearm  vein.  Plasma 
and  urine  samples  from  outside  were  shipped  frozen  (on  dry  ice)  oir  lyophilized 
in  sealed  ampoules.  The  labeled  metabolites  were  assayed  using  isotppe 
dilution  techniques  and  thin  layer  chromatography  as  described  in  last  year's 
report  (NHH-186(c)) . 

The  drugs,  inhibitors  and  L-histidine  were  administered  orally  three  times 
daily  as  tablets,  capsules  or,  in  the  case  of  L-histidine,  as  a  suspension  in 
fruit  puree. 

Normal  subjects  consisted  of  laboratory  personnel  and  volunteers,  male  and 
female  18  to  63  years  of  age.  Patients  were  either  at  the  NIH  or  at  outside 
centers.  Where  unsolicited  samples  were  received  and  appeared  to  be 
pertinent  to  our  studies,  the  physician  was  contacted  and  the  status  of  the 
patient  assessed. 

Major  Findings;  Histamine  Levels  in  Urine  and  Blood; 

a)  In  normals.  These  have,  ranged  from  <  5  to  43  iJig/24  hr  (17  +  11, 
mean  +  SD,   or  >  0.2  to  1.8  yg/hr)  in  thirty  volunteers  and  laboratory 
personnel  studied  to  date.   In  addition,  an  excretion  of  94  to  98  yg  histamine/ 
24  hr  was  observed  in  one  young  woman  (27  years  of  age) .  Her  departure  from 
the  NIH  prevented  further  testing  for  bacterial  infection  of  the  urinary 
tract  as  a  source  of  histamine.  No  marked  differences  with  age  or  sex  were 
noted.   In  an  Individual,  however,  histamine  excretion  remained  constant, 
irrespective  of  urine  volume  for  periods  of  up  to  18  months.  For  this  reason, 
changes  in  urinary  histamine  levels  in  individuals  served  as  a  sensitive 
indicator  of  alterations  in  histamine  metabolism. 
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Histamine  levels  in  whole  blood  showed  relatively  little  variation  and  ranged 
from  60  to  110  ug/ml  for  forty  individuals,  but  were  not  detectable  (<  0.3 
yg/ml)  in  plasma  or  serum.   Serotonin  levels  were  appreciable,  0.8  to  1.1 
Mg/ml,  in  whole  blood,  serum,  and  platelet  rich  plasma,  but  were  not 
detectable  (<  0.2  pg/ml)  in  plasma. 

b)  In  diseases  associated  with  histamine  (and  serotonin)  release: 
analphylaxis ,-   urticaria  (cold  and  exercise  induced),  severe  allergic  asthma 
attacks,  and  mastocytosis.   Elevated  urine  histamine  levels  were  observed  in 
several  conditions.  One  example  occurred  when  one  of  the  investigators 
(M.A.B.)  was  stiong  by  a  yellow  jacket.   He  had  been  stung  2  weeks  previously 
by  insects  of  the  same  nest.  Within  10  minutes  there  was  development  of 
widespread  hives,  intolerable  itching,  generalized  edema  and,  later,  broncho- 
spasm  and  collapse  (45  min) .  Urine  histamine  excretion  rose  from  0.8  yg/hr 
to  48  yg/hr  in  the  first  3  hours,  and  then  diminished  over  the  next  18  hr  to 
12  yg/hr  (3-6  hr) ,  5  yg/hr  (6-12  hr),  and  3  yg/hr  (12-18  hr) .  Venom  from 
yellow  jackets  caught  from  the  offending  nest,  diluted,  4  x  10  times, 
contained  sufficient  antigen  to  release  70%  of  the  investigator's  white  cell 
histamine.   The  effectiveness  of  adrenalin  in  thwarting  such  reactions  was 
illustrated  when  the  subject  was  stung  again  this  summer.  Despite  a  high 
IgE  titre,  the  injection  of  adrenalin  within  one  to  two  minutes  prevented 
immediate  reactions,  although  severe  delayed  reactions  occurred  after  a  few 
days  with  extensive  swelling  and  pain  around  the  site  of  the  sting.  An 
interesting  sidelight  to  this  history  is  that  a  sting  by  the  European  wasp 
(to  which  he  had  been  exposed  most  of  his  life)  provoked  no  reaction  except 
for  the  usual  localized  pain. 

Increased  histamine  excretion  has  been  observed  in  mastocytosis  in  a  total  of 
5  cases  with  a  mean  daily  excretion  98,  110,  140-160,  180  and  210-240/24  hr 
(~4  to  10  yg/hr)  and  in  one  unconfirmed  case  of  48-52  yg/24  hr.  As  described 
later,  these  values  were  not  increased  by  treatment  with  L-histidine  or 
inhibitors.   Increased  excretion  occurred  during  severe  flush  with  values  up 
to  48  yg/hr. 

Histamine  release  was  observed  in  blood  plasma  (brachial  vein)  of  4  patients 
with  severe  cold-  and  exercise-induced  urticuria  (to  8  ng/ml) .   Such  observa- 
tions have  not  been  previously  made.  A  decrease  in  blood  pressure  was 
correlated  with  histamine  levels  in  these  patients. 

c)  Histamine  excretion  in  other  diseases.  Many  unsolicited  samples 
("500)  have  been  received  from  outside  hospitals  and  clinicians.  Many 
specimens  are  related  to  our  stadiesand  include  samples  from  patients  with 
tuEors  of  C-cells,  medullary  thyroid  carcinoma,  mediastinal  tumors.  Oat  cell 
carcinomas,  gastrointestinal  tumors  and  diseases,  and  severe  or  fatal  drug 
reactions  that  could  be  attributed  to  histamine  (or  serotonin)  release,  such 
as  morphine  flush  during  anesthesia,  radio-opaque  substances.  Additional 
samples  have  been  obtained  from  patientb  with  chronic  disorders  of  peripheral 
blood  vessels  or  chronic  inflammatory  diseases,  such  as  Raynauds  disease, 
gout,  inflammatory  arthritis,  and  vascular  disorders  of  unknown  etiologies. 
In  none  of  these  diseases  or  tumors  has  the  histamine  (or  serotonin)  been 
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four'  in  abnormal  amounts  in  urine,  plasma,  or  tissues.   In  two  samples  'i! 
lung  tissues,  abnormally  high  histamine  levels  were  present  aad  exaggerated 
histamine  release  was  evident  after  passive  sensitization  with  ragweed 
antibody,  as  described  elsewhere. 

d)  The  effect  of  drugs:   Studies  with  L-histidine  and  inhibitors.   With 
the  exception  of  L-histidine,  no  compound  was  found  to  alter  urine  or  plasma 
histamine  levels.   These  included  inhibitors  of  methylation — chloroquine 
(250  mg  daily,  n=2) ;  deamination  by  diamine  oxidase — aminoguanidine  (30  mg 
daily,  n=4) ,  or  by  monoamine  oxidase — pargyline  (70-90  mg  daily,  n=2) ;  ar  i 
conjugation  with  ribose — aspirin  (900  mg  daily,  n=4) ,  which  we  have  shown 
recently  to  be  an  inhibitor  of  this  reaction.   Except  for  monoamine  oxidase, 
the  plasma  and  urine  levels  of  the  various  inhibitors  were  sufficiently  high 
to  block  the  individual  enzyme  reactions  in  vitro  as  shown  with  samples  taken 
from  the  drug  treated  subjects.   Treatment  with  two  inhibitors  or  prolonged 
treatment  (2-3  weeks)  also  failed  to  alter  histamine  excretion. 

Studies  with  tritium  and  ^C-labeled  histamine  have  shown  that  in  normal  sub- 
jects, labeled  histamine  given  intravenously  is  excreted  as  methylhistamine 
(11  to  20%) ,  methylimidazole-  and  imidazole  acetic  acid  (57  to  72%) , 
ribosylimidazole  acetic  acid  (16  to  24%) ,  and  unchanged  histamine  (1  to  3%) . 
The  studies  with  drugs  showed  that  inhibition  of  the  enzyme  in  one  pathway 
merely  shifted  metabolism  to  the  alternate  pathway.   Thus,  administration  of 
aminoguanidine  abolished  excretion  of  imidazole  acetic  acid  and  increased  that 
of  methylimidazole  acetic  acid  from  14  to  29%  (n=6) .   Pargyline  in  two  patients 
resulted  in  additional  excretion  of  methylhistamine  (7  to  14%  to  22  and  32% 
after  pargyline)  and  a  corresponding  decrease  in  the  deaminated  product, 
methylimidazole  acetic  acid.   Chloroquine  (250  mg  daily),  however,  in  doses 
that  were  sufficient  to  inhibit  histamine-N-methyltransf erase  by  more  than 
90%  in  vitro  produced  no  significant  reduction  of  methylation  in  vivo. 

The  shift  in  metabolism  from  one  pathway  to  the  other  probably  accounts  for 
the  unaltered  urine  histamine  excretion  despite  the  administration  of  potent 
inhibitors.   As  with  other  biogenic  amines,  the  availability  of  alternate  path- 
ways of  metabolism  may  have  developed  in  evolution  to  ensure  adequate  pro- 
tection against  these  potentially  lethal  substances. 

Increased  urine  histamine  excretion  is  produced  by  oral  administration  of 
L-histidine  as  described  in  last  year's  report  (NHLI-186[c]) .   The  studies 
have  now  been  completed  and  show  that  the  increase  is  related  to  dose  and 
is  short  lived  (less  than  12  hr) .   The  responses  to  different  doses  of  L^- 
histidine  were  similar  among  individuals  (n=12)  and  in  the  same  individual 
when  tested  several  times  over  a  period  of  months. 

The  relationship  between  histamine  and  dose  of  L-histidine  showed  a  sigmoid 
curve.   The  increases  have  ranged  from  38-48  pg  daily  for  6  and  12  g  of  L- 
histidine,  85-105  \ig   for  18  g,  110-140  ug  for  24  g,  604-698  yg  for  36  and  42 
g,  and  up  to  1,040  yg  for  higher  doses.   Unexpectedly,  no  histamine  was 
detected  in  plasma  in  any  subject  even  though  histamine  excretion  had  increased 
50  times  normal.  Nor  were  physiologiccL.  effects  evident,  such  as  flushing  or 
hypotension. 
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The  increased  excretion  of  histamine  with  Ir-histidlne  was  not  increased 
further  by  administration  of  met4d>olic  inhibitors.  Nor  was  the  increase  en- 
hanced in  patients  (n<*2)  with  systemic  mastocytosis  and  a  daily  histamine 
excretion  (168-230  vg)    10-20  ^^^"*'g  normal.  Neither  patient  showed  signs 
of  distress  even  though  histamine  output  was  considerably  greater  than  that 
observed  during  severe  episodic  attacks.  This  is  a  further  indication  that 
histamine  derived  from  histidine  had  not  passed  through  the  circulation. 

Significance  to  Biomedical  Research  and  Institute  Program:  The  studies 
illustrate  the  usefulness  of  the  enzymatic  isotope-dilution  assays  in  the 
measurement  of  trace  amounts  of  biogenic  amines  in  biological  fluids  and 
tissues  and  how  changes  in  excretion  or  release  of  the  amines  are  of  diag- 
nostic value  in  certain  diseases . 

Proposed  Course  of  Project:   The  assay  procedure  will  be  utilized  in  studies 
of  the  release  of  histamine  in  various  pathological  states  and  in  the  in  vivo 
evaluation  of  compounds  that  alter  the  metabolism  of  histamine. 

Honors  and  Awards:  None 

Publications: 

1.  Keiser,  H.R. ,  Beaven,  M.A. ,  Doppman,  J.,  Wells,  S.,  Jr.,  and 
Buja,  L.M.:   Slpple's  syndrome:  Medullary  thyroid  carcinoma, 
pheochromocytoma,  and  parathyroid  disease.   Conibined  Clinical 
Staff  Conference  at  the  National  Institutes  of  Health.  Ann. 
Int.  Med.  78:  561-579,  1973. 

2.  Baylln,  S.B.,  Beaven,  M.A. ,  Krauss,  R.M.,  and  Keiser,  H.R. : 
Response  of  plasma  histamlnase  activity  to  small  doses  of  heparin 
in  normal  subjects  and  patients  with  hyperlipoproteinemia. 

J.  Clin.  Invest.  52:  1985-1993,  1973. 

3.  Atkins,  F.L.,  Beaven,  M.A. ,  and  Keiser,  H.R. :  Dopa  decarboxylase 
in  medullary  carcinoma  of  the  thyroid.  New  Eng.  J.  Med.  289: 
545-548,  1973. 

4.  Atkins,  F.L.,  and  Beaven,  M.A. :   Studies  of  ornithine  decarboxylase 
and  histamlnase  (diamine  oxidase)  activities  in  the  rat  thymus. 
Biochem.  Pharmacol. ,  in  press . 

5.  Horakova,  Z. ,  and  Beaven,  M.A. :  Kinetics  of  histamine  release 
from  the  rat  hind  paw  after  thermal  Injury.  Europ.  J.  Pharmacol., 
in  press. 
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Project  Description: 

A.  Effect  of  Allopurinol  on  the  Metabolism  of  Phenylbutazone. 

Objectives:  Allopurinol  decreases  the  metabolism  of  various  drugs  by  the 
liver;  moreover,  it  has  been  reported  to  increase  the  incidence  of  bone  marrow 
depression  when  it  is  administered  along  with  cytotoxic  agents.  Phenylbutazone 
is  totally  dependent  on  the  liver  for  its  disposition  and  has  bone  marrow 
depression  as  its  most  serious  side-effect;  since  phenylbutazone  is  commonly 
given  together  with  allopurinol  in  the  management  of  gout,  it  appeared  desirable 
to  determine  whether  allopurinol  materially  altered  the  metabolism  of  phenyl- 
butazone . 

Methods :   Six  patients  with  a  characteristic  history  of  acute  gouty  arthritis 
were  studied  while  they  were  untreated and  again  during  chronic  therapy  with 
300  mg/day  of  allopurinol;  this  dose  produced  an  average  fall  In  blood  uric 
acid  levels  of  42%.   Curves  of  the  disappearance  of  phenylbutazone  from  plasma 
were  determined  by  gas  liquid  chromatography  ly  4ie  method  of  Thorgeirsson 
following  single  0.5  mg/kg  (subclinical)  and  6  mg/kg   (clinical)  doses. 

Major  Findings:  Plasma  curves  of  phenylbutazone  were  linear  when  the  log  of 
the  dose  was  plotted  against  time.  The  mean  half-life  of  phenylbutazone  was 
70  hours  after  the  6  mg/kg  dose  and  did  not  change  significantly  when  allo- 
purinol was  given  concurrently  (68  hours) .  Despite  apparent  first  order  kin- 
etics the  phenylbutazone  curves  of  three  of  the  six  subjects  showed  distinctly 
shorter  half-lives  at  the  0.5  mg/kg  dose  (47  vs  86,  41  vs  91,  38  vs  65)  whereas 
those  of  the  others  showed  little  change;  allopurinol  did  not  significantly 
alter  the  half-lives  at  the  0.5  mg/kg  do^v^  (mean  of  48  without  treatment,  52 
hours  with  allopurinol) . 
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Significance  to  Biomedical  Research  and  Institute  Program;  There  was  no  evi- 
dence that  allopurinol  altered  the  metabolism  of  phenylbutazone;  based  on  this 
it  does  not  appear  necessary  to  alter  doses  when  the  drugs  are  used  together. 
The  finding  of  shorter  half-lives  for  phenylbutazone  at  tfaa  lower  dose  level 
in  three  subjects  demonstrates  that  half -life  may  be  influenced  by  dose  with 
drugs  that  are  ordinarily  considered  to  have  first  order  kinetics.  This  is 
the  first  demonstration  of  this  phenomenon  with  phenylbutazone  in  man  but  it 
has  been  reported  with  the  administration  of  phenylbutazone  to  dogs  and  bis- 
hydroxycoumarln  to  man. 

Proposed  Course  of  Project;   Studies  in  man  will  not  be  pursued  further. 

B.  Reactivity  of  Htiman  Temporal  Arteries. 

Objectives;  Arteries  of  patients  with  essential  hypertension  have  been  widely 
reported  to  show  increased  sensitivity  to  the  sympathetic  neuromediator  nore- 
pinephrine. Using  previous  in  vivo  techniques  it  has  not  been  possible  to 
determine  whether  this  resulted  from  enhanced  responsiveness  of  the  receptor- 
smooth  muscle  unit  or  from  a  different  initial  state  of  muscle  tone  or  a  dif- 
ferent wall-to-lumen  ratio.   In  order  to  resolve  this  we  have  performed  in 
vivo  studies  of  the  response  of  helical  strips  of  biopsied  human  temporal 
arteries  to  cumulative  concentrations  of  norepinephrine  and  phenylephrine. 
Through  the  use  of  the  competitive  antagonist,  phentolamine ,  the  dissociation 
characteristics  of  alpha  receptors  were  also  compared  in  hypertensive  and 
normotensive  subjects. 

Major  Findings;  Dose-response  curves  were  obtained  from  vessel  strips  from 
eight  subjects  with  essential  hypertension  and  eleven  normotensive  patients 
undergoing  neurosurgery.  There  was  no  evidence  of  hyper^-reactlvity  of  vessel 
strips  from  hypertensive  subjects.  Average  concentration  in  ng/ml  of  nore- 
pinephrine and  of  phenylephrine  yielding  quarter-,  half-,  and  three-quarter 
maximum  responses  were  as  follows: 


Norep Inephr ine 

Phenylephrine 

^25 

^50 

^75 

=°25   ^50    ^75 

Hypertensive 

13 

41 

153 

399   1170    3873 

Normotensive 

11 

44 

160 

273   1024    4218 

The  negative  log  of  the  molar  concentration  of  phentolamine  which  reduced  the 
effect  of  a  double  dose  of  phenylephrine  to  that  of  a  single  dose  (pA-)  was 
8.0  for  both  groups. 

Significance  to  Biomedical  Research  and  Institute  Program;  This  is  the  first 
direct  study  of  the  characteristics  of  receptors  and  smooth  muscle  in  human 
essential  hypertension.   It  demonstrated  that  the  receptor-smooth  muscle  unit 
of  hypertensives  was  not  hyper-reactive  to  sympathetic  agonists.  Moreover, 
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dissociation  characteristics  of  alpha  receptors  were  similar  In  h3rpertensive 
and  normotenslve  subjects. 

Proposed  Course  of  Project:   Studies  of  vessel  characteristics  in  vivo  in 
various  forms  of  hypertension  are  planned. 

Honors  and  Awards:  None 

Publications : 

Horwitz,  D.,  Clineschmidt ,  B.V.,  Van  Buren,  J.M.  and  Ommaya,  A.K. : 
Temporal  arteries  from  hypertensive  and  normotenslve  man:  Reactivity 
to  norepinephrine  and  characteristics  of  alpha  adrenergic  receptors. 
Clrc .  Res . ,  In  press. 
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Project  Title:   Study  of  Vasoactive  Substances  in  Renovascular  Hypertension 

Previous  Serial  Number:  None 

Principal  Investigator:  Harry  R.  Keiser,  M.D. 

Other  Investigators:  Harry  S.  Margolius,  M.D.,  Ph.D. 
R.  Wayne  Alexander,  M.D.,  Ph.D. 
Perry  V.  Halushka,  M.D.,  Ph.D. 
John  R.  Gill,  Jr.,  M.D. 
Michael  J.  Andrews,  Jr.,  M.D. 

Cooperating  Units:   Surgery  Branch,  NHLI 

Project  Description: 

Objectives:   1)  Develop  an  animal  model  for  the  study  of  vasoactive  substances 
in  renovascular  hypertension. 

2)  Characterize  the  status  of  the  vasoactive  systems  in  this  animal 
model. 

3)  Perturb  the  system  with  appropriate  blockers  and  inhibitors  to  study 
the  dynamic  interrelations  of  the  vasoactive  systems. 

4)  Perform  similar  studies  in  patients  with  renovascular  hypertension 
using  the  angiotensin  converting  enzyme  inhibitor,  SQ  20,881. 

Methods:  Kallikrein,  an  enzyme  which  cleaves  kinlnogen  to  make  kinln  peptides, 
was  assayed  in  urine  using  %-tosyl  arglnine  methyl  ester  (3h-TAME)  by  a  method 
developed  in  this  laboratory  and  previously  described  in  detail  [NHLI-lOl(c)] . 
Urokinase  was  measured  using  ^H-acetyl-glycyl-lysine  methyl  ester  (^H-AGLME) 
by  a  method  also  developed  in  this  laboratory  and  described  in  detail  in 
another  report  this  year.  Urinary  prostaglandins  (PG)  of  the  E  and  F  series 
were  measured  by  radioimmunoassays  developed  in  this  laboratory  and  described 
in  detail  in  report  #NHLI-93(c).   Serum  and  urine  levels  of  sodium  and  po- 
tassium and  renal  clearances  of  inulin  and  PAG  were  measured  by  standard 
techniques. 

Major  Findings:  Dr.  Michael  Andrews  has  succeeded  in  making  a  very  practical 
animal  model  for  renovascular  hypertension.  The  left  renal  artery  of  female 
mongrel  dogs  is  narrowed  by  suture  ligatures  to  produce  a  75  to  80%  reduction 
in  blood  flow  to  that  kidney  as  measured  by  electromagnetic  flow  meter.   Then 
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the  urinary  bladder  is  removed  and  the  trigone  brought  out  to  the  Inferior 
abdominal  wall  so  as  to  produce  bilateral  ureterostomies.  These  animals  be- 
come significantly  hypertensive  within  2  to  4  weeks  and  remain  so  with  levels 
of  140  to  200  mm  Hg  systolic.  They  seem  to  pay  no  attention  to  their  ureter- 
ostomies which  drain  freely  and  are  protected  from  infection  by  this  free 
drainage  and  intact  ureterovesical  valves.  Urine  can  be  collected  from  each 
kidney  by  simply  restraining  the  animal  and  passing  small  polyethylene 
catheters  into  each  ureter.  No  anesthesia  is  necessary.   Blood  pressures  are 
taken  either  non-invasively  with  a  Roche  Arteriosonde"^  or  via  arterial  punc- 
ture. 

We  now  have  8  hypertensive  dogs  prepared  by  this  technique.  Results  of 
split  function  studies  on  these  animals  show  that  on  the  left  or  stenosed 
side  urine  volumes  and  clearances  of  creatinine,  inulin,  and  PAH  (an  index  of 
renal  plasma  flow)  are  reduced  by  50  to  75%  while  urinary  concentrations  of 
sodium  and  creatinine  are  increased.   This  is  the  same  pattern  of  results 
found  In  patients  with  renal  artery  stenosis  and  the  dog  model  seems  comparable 
to  diseased  man  in  all  areas  tested  so  far. 

Urinary  kalllkreln  Is  decreased  on  the  stenotic  side  in  all  dogs  and  the 
ratio  (R/L)  varies  from  1.04  to  7.40.  The  decrease  in  urinary  kalllkreln  on 
the  stenotic  side  parallels  the  reductions  in  renal  blood  flow,  glomerular 
filtration  and  urinary  output.  Urokinase  was  also  decreased  in  the  urine  from 
the  stenotic  side  in  5  of  7  animals  (ratio  R/L  varied  from  1.16  to  6.67).  The 
changes  In  urokinase  showed  no  apparent  correlation  with  urinary  output  or 
sodium  excretion. 

Excretion  of  PGE  and  PGF  were  of  similar  magnitude  with  the  levels  of  PGE 
being  slightly  higher  on  the  average  than  those  of  PGF.   The  rates  of  excretion 
were  also  variable  from  animal  to  animal  with  a  range  of  1.37  to  38.1  ng/min 
for  PGE  and  of  1.37  to  25.9  for  PGF  from  the  right  side.  The  excretion  of 
both  PGE  and  PGF  were  decreased  on  the  stenotic  side  in  8  of  9  dogs,  with  the 
ratio  R/L  ranging  from  1.01  to  4.80.  There  was  no  apparent  correlation  between 
the  level  of  PG  excretion  and  the  urinary  output  or  sodium  excretion.  Admini- 
stration of  Indomethacin  (Indocln)  (2  to  5  mg/kg)  I.V.,  a  potent  inhibitor  of 
prostaglandin  synthetase,  to  6  dogs  produced  decreases  in  urinary  PG's  of  65 
to  97%  and  yet  produced  no  decreases  in  urinary  output  or  sodium  excretion  and 
no  Increase  in  blood  pressure. 

We  have  just  begun  patient  studies  in  this  area.  Two  patients  with  reno- 
vascular h3rpertenslon  secondary  to  pyelonephritic  scarring  of  one  pole  of  one 
kidney  were  given  SQ  20,881,  a  potent  inhibitor  of  angiotensin  converting  en- 
zyme 2  mg/kg  I. v.,  during  standard  renal  clearance  studies.  In  both  patients 
there  was  a  prompt  decrease  in  blood  pressure  in  response  to  the  drug  and  the 
blood  pressure  stayed  reduced  from  control  levels  for  up  to  12  hours.  In  one 
patient  urinary  output  fell  and  sodium  excretion  rose  in  response  to  SQ  20,85] 
while  in  the  other  patient  urinary  output  and  sodium  ex(;retion  both  increased 
after  the  drug. 
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Significance  to  Biomedical  Research  and  Institute  Program;  This  newly  developed 
dog  model  of  renal  vascular  hypertension  is  a  valuable  tool  for  studying  the 
pathophysiology  of  this  disease.  It  appears  to  be  exactly  comparable  to  dis- 
crete renal  artery  stenosis  In  man.  A  complete  range  of  physiologic  studies 
can  be  performed  on  the  animal  without  using  general  anesthesia.  This  is  im- 
portant since  all  general  anesthetic  agents  cause  great  Increases  in  sympathetic 
nervous  system  activity  and  plasma  renin  activity  with  activation  of  the 
angiotensin-aldosterone  axis. 

The  kalllkrein-klnln  system  is  capable  of  generating  klnin  peptides,  po- 
tent vasodilators.  Our  data  indicate  that  the  activity  of  this  system  is 
apparently  decreased  on  the  stenotic  side  In  proportion  to  the  degree  of  re- 
duction in  renal  blood  flow.  As  yet  we  cannot  determine  which  is  the  cause 
and  which  is  the  effect.  Nevertheless  urinary  kalllkreln  levels  may  add  a 
useful  new  dimension  in  diagnostic  studies  of  patients  with  renovascular  hyper- 
tension. 

Our  knowledge  of  the  role  of  urokinase  in  urine  is  just  beginning.  Uro- 
kinase could  produce  met-lys-bradyklnln,  another  kinln  peptide  with  potent 
vasodilating  properties. 

Our  data  on  urinary  PC's  is  opposite  to  current  dogma  which  says  that 
renal  PC's  are  the  mediators  of  natrluresis  and  diuresis.   Instead  our  data 
indicate  that  natrluresis  and  diuresis  can  occur  even  when  PG  synthesis  by  the 
kidney  has  been  inhibited.  Our  values  for  urinary  PC's  are  significantly 
lower  than  those  reported  by  other  workers.  This  appears  to  be  due  to  our 
avoidance  of  serious  damage  to  the  kidney  and  to  our  lack  of  use  of  general 
anesthesia.  Thus  our  data  place  PC's  in  a  role  of  modulators  rather  than  medi- 
ators in  renal  function. 

SQ  20,881  may  provide  a  useful  diagnostic  tool  for  evaluating  if  a  hyper- 
tensive patient's  disease  is  due  to  an  excess  of  PRA.  Thus,  if  a  patient  has 
a  clearly  demonstrable  renal  vascular  lesion  and  a  correspondingly  localized 
stepup  in  PRA  and  if  SQ  20,881  lowers  his  blood  pressure  acutely,  then  we  would 
predict  that  surgical  correction  of  his  lesion  would  cure  his  hypertension. 
After  more  complete  evaluation  has  occurred  a  single  IV  dose  of  SQ  20,881  might 
be  used  as  an  in-office  screening  test  to  exclude  renovascular  hypertension. 
This  would  provide  a  great  saving  in  time  and  money. 

Proposed  Course  of  Project;   1)  Further  studies  in  these  dogs  and  In  control 
animals  with  bilateral  ureterostomies  only.  This  is  necessary  to  characterize 
the  normal  renal  output  or  urokinase  and  PC's  unaffected  by  hypertension. 

2)  Use  In  oru  dog  model  of  other  drugs  such  as  meclofenamate  or  aspirin 
which  block  the  PC's  and  SQ  20,881  or  Sarc-l-Ala-8  Angiotensin  which  block  the 
renin-angiotensin  system  to  clarify  the  role  of  these  vasoactive  systems  in 
renal  function  and  in  hypertension. 

3)  Study  the  effects  of  certain  antihypertensive  drugs  on  our  dog  model 
and  the  vasoactive  systems. 
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4)  Study  the  response  of  more  patients  with  renovascular  hypertension  to 
SQ  20,881  and  compare  with  similar  studies  in  patients  with  essential  hyper- 
tension to  evaluate  this  drug  as  a  diagnostic  tool. 

Honors  and  Awards:   None 

Publications :  None 
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Cooperating  Units:   Department  of  Medicine,  Vanderbilt  University 
Department  of  Medicine,  Harvard  University 

Project  Description: 

Objectives:   To  study  the  role  of  the  kalllkrein-kinin  system  in  normal  and 
hypertensive  humans  and  animals. 

Methods :   Humans.   Urinary  kalllkreln  excretion  was  measured  with  a  previously 
described  radiochemical  assay  and  a  bioassay  [NHLI-79(c)] .   Salivary  kalll- 
kreln activity  and  excretion  were  measured  with  a  modification  of  that  pro- 
cedure developed  by  Pisano  et  al. 

Urinary  kalllkreln  was  measured  in  normal  subjects  and  in  patients  with 
essential  hypertension  or  Addison's  disease  during  different  potassium  Intakes. 
The  effect  of  guanithidine  on  kalllkreln  excretion  In  patients  with  essential 
hypertension  was  determined. 

Two  long-term  projects  were  completed  during  this  year:   1)  urinary  kalll- 
kreln excretion  was  measured  in  bilateral  ureteral  urine  collections  from  32 
patients  with  renovascular  hypertension;  2)  urinary  kalllkreln  and  several 
other  factors  including  blood  pressure,  urine  constituents,  age,  race,  sex, 
time  of  year,  etc.,  were  measured  in  609  normal  children  and  their  161  mothers. 

Salivary  (submaxillary  as  well  as  parotid)  kalllkreln  excretion  was 
measured  in  6  normal  volunteers  during  different  salt  intakes. 

Dogs.   The  effects  of  renal  arterial  Infusion  of  potassium  or  aldosterone 
on  urinary  kalllkreln  excretion  were  measured  in  anesthetized  dogs. 
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Rats.  Urinary  kalllkreln  excretion  was  measured  in  spontaneously  hjrper- 
tensive  and  normotensive  Kyoto-Wistar  rats  during  normal,  low  and  high  sodium 
intakes . 

Kallikreln  levels  were  measured  in  renal  cortex  from  normal  rats  and  rats 
after  the  placement  of  a  partially  occlusive  clip  on  1  renal  artery. 

Major  Findings;  Humans.   1)  Urinary  kalllkrein  excretion  is  significantly 
increased  (p  <  .001)  during  a  185  meq  potassium  intake  and  falls  to  control 
levels  during  a  25  meq  potassium  intake  in  normal  subjects.   Kallikreln  ex- 
cretion in  essential  hypertensive  patients  may  increase  to  a  lesser  degree 
than  normal  during  a  185  meq  potassium  Intake. 

2)  Guanethldine,  50  to  225  meq/day,  caused  a  34-53%  decrease  In  urinary 
kallikreln  excretion  in  the  first  3  patients  with  essential  hypertension 
studied. 

3)  Both  submaxillary  and  parotid  salivary  kallikreln  excretion  increased 
(45  and  67%,  respectively)  in  normal  subjects  during  a  2-week  period  of  9  meq 
sodium  Intake  compared  with  excretion  during  a  1-week  period  of  259  meq  dietary 
sodium  intake,  at  a  time  when  urine  kalllkrein  excretion  was  Increased  2-3 
fold. 

4)  In  32  patients  with  either  unilateral  or  bilateral  renovascular  dis- 
ease, ureteral  urinary  kalllkrein  excretion  was  significantly  lower  than  in 
any  previous  group  of  patients  or  normal  subjects  studied.  Preliminary  sta- 
tistical analysis  of  the  relationships  among  urinary  kallikreln  excretion  and 
all  other  measures  of  renal  function  and  renovascular  disease,  indicate  that 
ureteral  kallikreln  excretion  may  be  a  better  indication  of  whether  disease  is 
uni-  or  bilateral  than  other  currently  used  factors  such  as  plasma  renin  ac- 
tivity or  urinary  output  and  urinary  concentrations  of  sodium,  Inulln  or  PAH. 

5)  Completed  studies  in  609  normal  children  and  their  161  mothers  show 
that:  a)  urinary  kallikreln  is  familiarly  aggregated  (p <  .001);  b)  urinary 
kallikreln  is  inversely  proportional  to  blood  pressure  in  children  (p <  .01) 
and  to  a  greater  extent  in  the  mothers,  (p<  .001);  c)  normal  black  children 
have  lower  urinary  kalllkrein  than  normal  white  children  (p <  .001);  d)  urinary 
kallikreln  and  urinary  potassium  are  highly  correlated  (r=.76,  p<  .001);  e) 
urinary  kallikreln  is  greater  in  the  morning  (p  <  .001)  than  other  times  of 
day  and  lower  in  the  summer  (p <  .001)  than  other  times  of  year. 

Dogs.   Infusions  of  KCl  0.2  or  0.4  meq/min  into  a  renal  artery  of  6 
anesthetized  dogs  resulted  in  a  mean  Increase  in  ureteral  kalllkrein  excretion 
of  51%  (p  <  .01)  above  the  control  levels  in  the  same  or  the  contralateral  non- 
infused  kidney  with  a  prompt  decrease  to  control  levels  when  the  infusion  was 
stopped.   In  contrast,  infusion  of  up  to  1  mg  of  aldosterone  did  not  alter 
ureteral  kallikreln  excretion  during  a  3-hour  infusion  period. 

Rats.  While  normotensive  Kyoto-Wistar  rats  showed  the  expected  2-fold 
increase  in  urinary  kalllkrein  excretion  after  4  weeks  of  low  dietary  sodium 
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Intake,  and  no  change  with  high  dietary  sodium  Intake,  spontaneously  hyperten- 
sive rats  showed  no  measurable  Increase  in  kalllkreln  excretion  with  low  sodium 
Intake  but  a  2-fold  Increase  during  a  diet  high  In  sodium. 

Kalllkreln  levels  In  rat  renal  cortex  were  similar  In  normal  left  and 
right  kidneys,  whereas  preliminary  results  Indicate  that  a  kidney  chronically 
subjected  to  a  partially  occluded  renal  artery  exhibits  decreased  kalllkreln 
levels. 

Significance  to  Biomedical  Research  and  Institute  Program:   Collectively,  the 
above  data  continue  to  provide  support  for  the  hypothesis  that  the  renal  kalll- 
kreln-klnln  system  Is  actively  involved  In  hypertensive  disease,  renal  mlneralo- 
cortlcold  effects  and  sodium  and  potassium  homeostasis. 

The  data  continue  to  Indicate  that  the  renal  kalllkreln-klnin  and  renin- 
angiotensin  systems  are  Interrelated. 

Our  epidemiologic  studies  raise  the  possibility  that  urinary  kalllkreln 
could  be  a  biochemical  marker  in  children  for  the  subsequent  development  of 
hypertensive  disease.   Further  efforts  Into  delineating  the  relationships  among 
the  kalllkreln-klnin  system,  the  renin-angiotensin-aldosterone  axis,  systemic 
blood  pressure,  and  electrolyte  homeostasis  will  be  of  importance  in  the 
pathophysiology  and  perhaps,  etiology  of  different  hypertensive  disease  states. 

Proposed  Course  of  Project:   1)  Study  the  effects  of  antihypertensive  drugs 
and  other  steroid  hormones  on  the  kalllkreln-klnin  system. 

2)  Localize  kalllkreln  within  the  kidney. 

3)  Determine  more  precisely  the  relationships  among  the  renin-angiotensin, 
kallikreln-klnln  and  prostaglandin  systems. 

Honors  and  Awards: 

Finalist,  J.D.  Lane  Award;  Competition  of  USPHS,  1974 

Publications : 

Margolius,  H.S.,  Horwitz,  D. ,  Geller,  R.G.,  Alexander,  R.W. , 
Gill,  J.R.,  Jr.,  Pisano,  J.J.,  and  Reiser,  H.R. :   Urinary  kalllkreln 
in  normal  subjects:   Relationships  to  sodium  intake  and  to  sodium- 
retaining  steroids.   Clrc.  Res.,  in  press. 

Margolius,  H.S.,  Horwitz,  D. ,  Pisano,  J.J.,  and  Reiser,  H.R. :   Urinary 
kalllkreln  in  hypertension:   Relationships  to  sodium  Intake  and 
to  sodium-retaining  steroids.   Clrc.  Res.,  in  press. 
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Project  Description: 

Objectives;  Urokinase  (UK)  is  a  proteolytic  enzyme  excreted  in  the  urine 
which  has  the  capacity  to  activate  plasminogen  to  plasmln  and  thereby  dissolve 
fibrin  clots.  Previous  methods  to  measure  this  fibrinolytic  activity  of  UK 
have  utilized  1)  measurement  of  the  area  of  fibrin  clot  dissolved  when  a  drop 
of  UK  containing  solution  is  applied  to  a  fibrin  coated  slide;  2)  assaying  the 
enzyme  activity  by  measuring  (using  spectrophotometrlc  techniques)  the  amount 
of  product  formed  by  the  action  of  UK  on  a  synthetic  substrate.  A  new  radio- 
chemical method  for  the  assay  of  UK  activity  using  H^-Acetyl-Glycyl-Lysine- 
methyl  ester  (synthetic  substrate)  was  developed.  Subsequent  project  objectives 
were  to  Investigate  UK  stability  in  solutions  of  varying  protein  and  salt  con- 
tent.  In  addition,  UK  excretion  rate  was  Investigated  under  the  following 
experimental  conditions:  nephrectomy,  experimental  hypertension,  renal  vein 
thrombosis.  Finally,  UK  excretion  is  being  investigated  in  human  kidney  trans- 
plant rejection  and  in  normal  subjects  in  the  supine  and  erect  positions. 

Methods:  Urokinase  was  assayed  using  H-^-Acetyl-Glycyl-Lysine  methyl  ester  as 
enzyme  substrate;  UK  action  on  this  synthetic  ester  split  off  H^-methanol 
which  was  measured  in  a  scintillation  counter.   Timed  urine  collections  were 
made  under  various  experimental  conditions.  Whole  urine  was  assayed,  the 
radioactivity  generated  being  proportional  to  the  enzyme  activity. 

Major  Findings:   1)  The  assay  was  reproducible  with  an  accuracy  of  10%  and 
able  to  measure  small  amounts  of  UK  (lower  limit  of  sensitivity  of  0.2  CTAU/.tJ). 

2)  Urokinase  was  unstable  in  solutions  of  low  protein  or  salt  concentra- 
tion; stability  was  greatly  enhanced  by  raising  the  protein  concentration 
(addition  of  Albumin  or  Lysozyme)  and  was  essentially  independent  of  salt 
concentration  if  albumin  concentration  was  >  1  mg/ml. 
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3)  Average  hvunan  urokinase  excretion  was  4100  CTAU/24  hr+1463  (mean+SE) . 

4)  Urokinase  excretion  was  significantly  Increased  in  rats  with  unilateral 
renal  artery  stenosis: 

GROUP  UROKINASE  EXCRETION 

(CTAU+S.E.) 
24hr 

a.  Control  (sham  operation)  530  +  96 

b.  Renal  artery  stenosis  (normotensive)     517+127 

c.  Renal  artery  stenosis  (hypertensive)    1034+404 

Group  b  rats  had  a  clip  placed  on  one  renal  artery  but  failed  to  become  hyper- 
tensive either  due  to  total  renal  infarction  or  to  inadequate  arterial  narrowing 
by  the  clip.  There  was  no  significant  difference  between  groups  a  and  b;  the 
differences  between  groups  a  and  c  and  b  and  c  were  both  significant. 

Finally,  changes  in  UK  excretion  in  human  kidney  transplant  rejection  and 
in  supine  and  erect  position  are  being  measured,  but  not  enough  data  are 
available  for  comment. 

Significance  to  Biomedical  Research  and  Institute  Program;  The  fibrinolytic 
system  has  been  examined  in  patients  with  essential  and  renovascular  hypertension 
and  found  to  be  inhibited.  There  has  been  no  investigation  of  urinary  excre- 
tion of  plasminogen  activators  (UK)  in  these  same  diseases.  The  present 
studies  indicate  that  renal  production  of  UK  might  be  activated  by  increased 
blood  pressure,  though  this  has  been  examined  only  in  the  renovascular  hyper- 
tensive model.   Since  plasmln,  in  addition  to  its  fibrinolytic  activity,  also 
has  the  capacity  to  generate  kinins  (in  vitro),  it  is  possible  that  these  vaso- 
active substances  are  involved  (through  UK)  in  regulating  blood  flow  in  the 
hypertensive  state. 

Proposed  Course  of  Project;  1)  Studies  to  pursue  the  relation  between  UK  output 
in  renal  artery  stenosis  and  spontaneously  hypertensive  rats. 

2)  Complete  studies  on  UK  in  nephrectomy  and  renal  vein  thrombosis. 

3)  Continue  to  measure  UK  excretion  in  kidney  transplant  patients  and 
try  to  correlate  it  with  rejection. 

Honors  and  Awards;  None 

Publications;  None 
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1.  Hypertension-Endocrine  Branch 

2.  Section  on  Biochemical  Pharmacology 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  Studies  on  the  Isolation  and  Characterization  of 
Clostridial  Electron  Transfer  Proteins  and  Other 
Iron-sulfur  Proteins 

Previous  Serial  Number:  NHLI-79 

Principal  Investigator:  Walter  M.  Lovenberg,  Ph.D. 

Other  Investigators:  Larry  F.  Bennett 
Peter  DeBrunner 

Cooperating  Units:   Department  of  Chemistry,  University  of  California, 
San  Diego 
Department  of  Physics,  University  of  Illinois, 
Urbana 

Project  Description: 

Objectives;   The  role  of  iron-sulfur  complexes  as  prosthetic  groups  of  pro- 
teins is  primarily  that  of  transferring  low  potential  electrons.   These 
complexes  perform  both  inter-  and  intramolecular  electron  transfer  functions 
in  a  wide  range  of  reactions  in  all  forms  of  life.  Previous  work  in  our 
laboratory  has  dealt  with  the  structure  and  electrochemical  properties  of 
ferredoxins  from  various  Clostridia  and  plants.  A  second  major  area  has  been 
the  discovery  and  detailed  chemical  characterization  of  a  new  class  of  iron- 
sulfur  proteins  which  we  named  rubredoxins.   The  rubredoxin  from  Clostridium 
pasteurianum  has  been  the  prime  object  of  our  investigations  and  in  previous 
reports  we  have  reported:  the  amino  acid  sequence  (54  residues) ,  the  3 
dimensional  structure  (2.0  A),  and  detailed  examination  of  the  active  site 
iron  atom.   The  latter  included  studies  showing  the  redox  center  (-52  mv)  was 
a  single  high  spin  non-atom  coordinated  by  four  cysteine  sulfhydryl  in  an 
approximate  tetrahedron.  Deviation  of  the  bond  angles  and  lengths  from  a 
perfect  tetrahedron  were  detected  and  measured.   The  mechanism  of  action  of 
this  protein  was  simply  the  interconversion  of  the  iron  atom  between  high  spin 
Fe-'--'-  and  Fe-'--'--^.   Structural  differences  between  this  rubredoxin  and  similar 
rubredoxins  from  other  Clostridia  were  detected  by  immunological  reactions. 

The  objectives  of  the  work  during  the  past  year  have  been  to  determine:   1) 
greater  details  of  the  redox  reaction  within  the  rubredoxin  molecule,  and  2) 
to  further  refine  our  knowledge  of  the  environment  of  the  iron  atom  by  examina- 
tion of  Mossbauer  spectra  in  a  strong  magnetic  field. 

Methods:   Rubredoxin  was  isolated  from  Clostridium  pasteurianum  by  standard 
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procedures.   The  isotoplc  substitution  of  the  protein  with   Fe  was  accom- 
plished by  preparing  the  apoprotein  and  reconstituting  the  active  site  In  the 
presence  of  37Fe  CI2.   This  protein  was  Isolated  by  Sephadex  and  DEAE  cellulose 
chromatography . 

Major  Findings;   1)  Using  a  magnetic  field  of  30  K  gauss,  Mossbauer  spectra 
with  increased  paramagnetic  splitting  and  resolution  have  been  obtained.  This 
work  Is  In  the  early  stages  and  Insufficient  data  have  been  collected  to  date 
for  complete  analysis. 

2)  The  rate  constants  (25° ,  M  sec  ) ,  activation  enthalpies  (kcal/mole) , 

and  activation  entropies  (e.u.)  for  the  second-order  reduction  of  oxidized 

clostridial  rubredoxin  by  Ru(NH,)^  ,  V(H,0)^"*",  and  Cr(H-O)^  at  I  =  0.10  have 
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A 
been  determined  or  estimated  to  be  9.5  x  10  ,  ~1.4,  ~-31  (pH  6.3-7.0);  1.6  x 

10*.  0.1,  -40  (pH  3.5-4.5);  and  1.2  x  10^,  "0,  "-44  (pH  3.5-4.0),  respectively. 

Ionic  strength  dependencies  for  the  vanadlxm  reaction  are  suggestive  of  a  direct 

Interaction  of  the  reductants  with  the  Fe(SR),   site  of  oxidized  rubredoxin. 

The  results  are  consistent  with  outer-sphere  mechanisms  for  all  three  reductants 

and  an  especially  high  Inherent  outer-sphere  reactivity  of  rubredoxin. 

Significance  to  Biomedical  Research  and  Institute  Program;   The  work  described 
above  is  part  of  our  continuing  program  to  elucidate  the  structure  and  mechanism 
of  iron-sulfur  redox  centers  in  proteins.  Although  such  centers  have  only 
been  recognized  for  a  little  over  a  decade  it  is  now  apparent  that  they 
represent  one  of  the  most  Important  mechanisms  for  the  transfer  of  electrons 
in  biology.   The  current  work  provides  quantitative  basis  for  the  observed 
rapid  reaction  of  rubredoxin  with  other  biological  reactants  (flavoprotein, 
hemoproteins  and  other  non-sulfur  proteins) .  While  the  biological  importance 
of  rubredoxin  is  not  well  understood,  this  protein  from  C.  pasteurianum  is  now 
probably  the  most  completely  resolved  protein  molecule  from  both  a  structural 
and  reaction  mechanism  point  of  view.  As  such  It  has  become  a  model  for  the 
study  of  other  proteins,  particularly  iron-sulfur  proteins. 

Proposed  Course  of  Project;   The  studies  on  the  high  magnetic  field  Mossbauer 
spectroscopy  will  be  completed.   It  is  anticipated  that  the  role  of  iron-sulfur 
proteins  in  mammalian  metabolism  will  be  further  explored.   Studies  on  the 
structure  of  adrenodoxln,  its  rates  of  reaction  with  cytochrome  P-450  and  its 
role  in  steroid  transformation  will  be  undertaken. 

Honors  and  Awards:  None 
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1.  H3rperten8lon- Endocrine  Branch 

2.  Section  on  Biochemical  Pharmacology 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  The  Regulation  of  the  Hydroxylndole  Pathway  of  Tryptophan 
Metabolism  In  the  Pineal  Gland 

Previous  Serial  Number:  NHLI-82 

Principal  Investigator:  Walter  M.  Lovenberg,  Ph.D. 

Other  Investigators:  Jay  S.  Skyler,  M.D. 

William  Merrick,  Ph.D. 
Dante  Flcclano,  Ph.D. 
James  S.  Goodwin,  M.D. 

Cooperating  Units:  Molecular  Hematology  Branch,  NHLI 

Project  Description: 

Objectives:   The  hydroxylndole  pathway  of  the  pineal  gland  offers  a  unique 
opportunity  to  examine  mammalian  enzyme  regulation  and  regulation  of  protein 
synthesis.  The  synthesis  of  melatonin  Is  controlled  by  the  levels  of 
serotonln-N-acetyltransf erase  (NAT)  which  In  turn  Is  under  neuronal  control. 
Sympathetic  stimulation  via  the  superior  cervical  ganglia  or  the  administra- 
tion of  a  3  receptor  agonist  can  cause  a  50-  to  100-fold  increase  In  NAT 
activity.   Work  In  other  laboratories  has  identified  cyclic  AMP  as  the  second 
messenger  in  this  system.  The  objective  of  this  project  was  to  define  at  a 
molecular  level  the  mechanism  by  which  cAMP  is  eliciting  the  large  Increase  in 
NAT  activity. 

Methods:  Protein  kinases  were  Isolated  by  ammonium  sulfate  fractionation, 
gel  filtration  and  DEAE  cellulose  chromatography.   Calf  thymus  pineal 
chromatin  were  Isolated  by  standard  techniques.   Protein  kinase  activity  was 
determined  by  the  incorporation  of  32p  into  protein  using  y-^^P-ATP  and 
mllllpore  filtration.   Binding  of  cAMP,  and  actinomycln  D  were  measured  by 
similar  techniques.   Template  capacity  was  measured  using  E^  coll  polymerase 
and  -^H-UTP.   Serotonin-N-acetyltransf erase  was  measured  by  radio-techniques 
described  in  an  accompanying  report. 

Major  Findings:   Both  rat  and  bovine  pineal  glands  have  substantial  amounts 
of  a  cAMP-dependent  protein  kinase.   This  cAMP-dependent  protein  kinase  was 
purified  to  homogeneity  and  was  found  to  consist  of  a  catalytic  and  regulatory 
(cAMP  binding)  subunit.   It  was  then  reasoned  that  if  protein  phosphorylation 
was  mediating  the  changes  in  NAT  then  at  least  one  of  three  processes  must 
occur:   1)  stimulation  of  gene  transcription,  2)  increase  in  rate  of  transla- 
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tlon  of  -RNA  by  rlbosomal  protein  synthesis,  or  3)  a  direct  activation  of  the 
apoenzyme  by  phosphorylation.   The  question  of  the  role  of  cyclic  AMP 
stimulated  protein  kinase  on  pineal  transcription  has  been  approached  by  use 
of  pineal  chromatin.   The  major  difficulty  In  the  approach  is  the  unavail- 
ability of  large  amounts  of  fresh  pineal  tissue.   Several  chromatin  prepara- 
tions have  been  made  using  bovine  pineal  glands  that  have  been  stored  on  dry 
ice.   These  chromatin  preparations  have  a  proteln/DNA  ratio  of  5-10  suggesting 
that  the  chromatin  had  been  damaged  during  storage.   New  preparations  are  now 
being  made  from  glands  stored  at  -20*,  a  temperature  that  should  result  in 
minimal  damage  to  the  chromatin. 

Work  on  characterization  of  the  rlbosomal  protein  kinase  (Process  A)  has 
continued.   Using  reticulocyte  rlbosomes  the  kinase  activity  has  been 
examined  by  DEAE  cellulose  chromatography.  Multiple  peaks  of  protein  kinase 
activity  have  been  eluted  from  DEAE  columns.   Preliminary  characterization  of 
these  enzymes  showec^  them  to  have  differing  dependencies  upon  cyclic  AMP  for 
full  activity.   Furthermore,  some  deficiencies  in  substrate  specificity  were 
observed.   In  addition  to  the  usual  substrates  hlstone,  protamine,  and  casein, 
we  also  examined  reticulocyte  fractions  that  were  enriched  in  regard  to  each 
of  the  protein  synthetic  initiation  factors. 

Significance  to  Biomedical  Research  and  Institute  Program:   It  can  be  con- 
cluded from  these  studies  that  cAMP  may  exert  an  affect  on  NAT  by  stimulating 
protein  kinase  which  in  turn  activates  both  transcription  and  translation. 
Activation  of  a  precursor  protein  by  phosphorylation  does  not  occur.  There- 
fore, the  sequence  of  events  by  which  neuronal  impulses  can  be  translated  into 
changes  in  enzyme  can  be  hypothesized  as  follows: 

Sympathetic  Nerve  ->■  Norepinephrine  -♦■  Pineal     -»■  Adenyl 

B  Receptor   Cyclase 

cAMP  -*■  Protein  -*■   Increased      -♦■  Elevated 
ja.nase    Transcription    NAT 
+ 
Translation 

Proposed  Course  of  Project:   The  following  experimental  approaches  will  be 
undertaken : 

1)  further  examination  of  the  products  of  chromatin  phosphoryla- 
tion particularly  the  acidic  proteins,  using  pineal  chromatin 
rather  than  the  heterologous  cAMP  thymus  chromatin, 

2)  definition  of  the  role  of  phosphorylation  in  initiation  of 
polypeptide  synthesis,  especially  initiation  factors  per  se, 

3)  direct  measurement  of  Incorporation  of  amino  acid  into  NAT 
and  in  vivo  experiments  with  protein  synthesis  inhibitors. 

Honors  and  Awards:   None 

Publications:  None  2  <^S7 
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PHS-NIH 

individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  Biochemical  Characteristics  of  the  Spontaneously 
Hypertensive  Rats 

Previous  Serial  Numbers:  NHLI-83,  NHLI-87,  NHLI-88 

Principal  Investigator:  Walter  M.  Lovenberg,  Ph.D. 

Other  Investigators:  Hlrohiko  Yamabe,  M.D. 
Carl  T.  Hansen,  Ph.D. 

Cooperating  Units:  Laboratory  Aids  Branch 

Division  of  Research  Services,  NIH 

Project  Description: 

Objectives;  The  strain  of  rats  developed  in  Kyoto,  Japan,  that  eschibit  uniform 
and  severe  hypertension  have  been  used  as  an  animal  model  of  human  essential 
hypertension.  These  spontaneously  hypertensive  rats  (SHR)  have  been  studied 
by  numerous  investigators  for  deviations  in  various  metabolic  systems.  Pre- 
vious work  In  this  laboratory  has  established  that  there  appears  to  be  an  in- 
verse relationship  between  catecholamine  metabolism  in  central  nervous  system 
and  blood  pressure.   It  was  also  observed  that  biochemical  differences  in  various 
normotensive  rat  strains  were  marked  and  that  the  only  strain  of  any  value  as 
a  control  strain  was  that  of  Kyoto-Wistar  colony,  the  parent  strain  of  the  SHR. 
We  also  observed  that  there  appeared  to  be  an  early  Increase  in  the  rate  of 
lysine  incorporation  into  vascular  non-collagen  protein.   The  objectives  for 
the  current  year  have  been  to  complete  the  study  on  vascular  protein  synthesis 
and  the  study  of  genetic  variation. 

Methods ;  Catecholamine  levels  in  various  tissues  were  determined  by  standard 
fluorimetric  analyses.   Each  of  the  enzymes  in  the  catecholamine  biosynthetic 
pathway  (tyrosine  hydroxylase, aromatic  L-amino  acid  decarboxylase  and  dopamine- 
6-hydroxylase)  were  measured  by  previously  described  and  rather  standard 
methodology.   It  should  be  noted  that  analysis  of  dopamlne-6-hydroxylase  in 
tissues  is  difficult  because  of  the  presence  of  natural  inhibitors.  These 
Inhibitors  are  partially  neutralized  by  N-ethyl  malelmide  and  each  sample  is 
corrected  by  use  of  an  internal  standard  of  human  serum  dopamine-3-hydroxylase. 

The  incorporation  of   C-lysine  into  proteins  of  the  heart,  thoracic  aorta, 
and  the  mesenteric  artery  was  measured  2  hours  following  I.V.  injection  of  10 
uc  of  l^C  lysine.   In  heart,  the  actonQ^osin  was  specifically  Isolated  by 
standard  techniques.   In  the  vessels  the  non-collagen  proteins  were  Isolated 
following  extraction  with  hot  5%  trichloroacetic  acid.   The  rate  of  incorporation 
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was  estimated  by  determining  the  specific  activity  of  the  protein  (dpm/mg) 
and  comparing  It  with  the  measured  specific  activity  of  the  serum  lysine. 
Wistar-Kyoto  rats  (the  parent  strain  of  SHR)  were  used  as  control  animals. 

Major  Findings;   The  Laboratory  Aids  Branch  has  developed  colonies  of  rat 
strains  with  a  wide  spectrum  of  "normal"  blood  pressures.   These  range  from  a 
mean  value  of  116  mm  Hg  in  the  ACT  rats  to  182  mm  Hg  in  the  SUR.  Using  these 
9  strains  of  rats  we  measured  the  activity  of  the  three  catecholamine  bio- 
synthetic  enzymes. 

a)  Brainstem;   The  activity  of  tyrosine  hydrojcylase  was  similar  in  each 
of  these  strains  whereas  significant  strain  differences  were  apparent  In 
dopamlne-3-hydroxylase  and  aromatic  L-amino  acid  decarboxylase.  For  the 
latter  enzyme  the  values  ranged  from  38+1  for  SHR  to  83+1  mmol/hr/mg 
protein  for  the  ALB  strain.  A  correlation  with  blood  pressure  or  between  the 
two  enzymes  was  not  apparent. 

b)  Adrenal ;   There  were  many  inter-strain  differences  for  each  of  the 
enzymes  with  dopamlne-8-hydroxylase  showing  the  widest  range  ^210  +  5  mmole/ 
hr/gland  for  the  SHR  to  573  +  52  for  the  ALB  strain) .   In  this  tissue  there 
also  was  no  correlation  between  the  enzymes  or  between  any  one  enzyme  and 
blood  pressure. 

c)  Heart;   This  tissue  provided  a  striking  example  of  genetic  determina- 
tion of  enzyme  level  in  tissue.  The  decarboxylase  activities  were  Wistar-NIH, 
5.1+0.1;  Wistar-Kyoto,  1.9+0.1;  SHR,  1.9+0.2  nmole/hr/mg.   It  is  clear 
that  the  two  strains  from  Kyoto  have  similar  enzyme  levels  but  widely  differ- 
ing blood  pressure. 

It  is  concluded  that  genetic  factors  play  an  important  role  in  regulation  of 
the  tissue  level  of  the  catecholamine  blosynthetic  enzyme  but  that  it  is  im- 
possible to  correlate  the  tissue  enzyme  activity  with  blood  pressure  regula- 
tion. 

The  second  approach  taken  to  understand  the  biochemistry  of  blood  pressure 
regulation  in  the  SHR  was  to  measure  the  in  vivo  incorporation  of  lysine  into 
contractile  proteins  of  the  heart  and  vasculature.  The  rate  of  lysine  incor- 
poration into  non-collagen  proteins  in  the  mesenteric  arteries  of  the  SHR  was 
about  twice  that  observed  in  3  other  control  strains  including  the  Kyoto-Wistar. 
This  difference  was  apparent  at  all  ages  examined.   These  Included  prehyperten- 
sive  (33  day) ,  early  hypertensive  (3  week) ,  and  sustained  hypertensive  (15 
month)  ages.   In  the  aorta  and  heart  the  lysine  incorporation  was  similar  in 
all  strains  of  33  days  and  13  months  but  showed  significant  increases  at  15 
months,  probably  reflecting  the  hypertrophy  that  was  occurring.  At  no  age 
were  any  differences  in  incorporation  of  lysine  into  liver  proteins  observed. 

Significance  to  Biomedical  Research  and  Institute  Program;  The  pathogenic 
factors  in  human  essential  hypertension  and  rat  genetic  hypertension  have  not 
been  resolved.  Neuronal  mechanism  and  vascular  contraction  are  Important  areas 
of  exploration. 
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The  current  finding  that  the  level  of  enzymes  for  catecholamine  biosynthesis 
is  strain  specific  is  Important  both  in  defining  the  caution  that  must  be 
exercised  in  coiiq>aring  the  activity  in  different  strains  and  in  the  lack  of  a 
direct  relationship  between  the  level  of  any  of  these  enzymes  and  blood 
pressure. 

The  observation  that  the  synthesis  of  non-collagen  proteins  in  the  small 
vasculature  is  increased  in  prehypertensive  SHR  is  perhaps  one  of  the  most 
significant  findings  with  this  animal  model.  This  is  consistent  with  in- 
creased peripheral  vascular  resistance  observed  in  these  animals.   It  would  be 
attractive  to  think  that  Increased  synthesis  of  vascular  proteins  occurred  at 
an  early  stage  of  hypertension  and  represented  one  of  the  pathogenic  factors. 
It  is  clear  from  our  current  work  that  a  much  greater  emphasis  must  be  placed 
upon  looking  for  metabolic  abnormalities  in  the  very  young  prehypertensive 
animal  inasmuch  as  changes  that  are  apparent  in  the  later  stages  of  hyperten- 
sion may  largely  reflect  the  homeostatlc  mechanisms  called  into  play  to 
counteract  the  elevated  blood  pressure. 

Proposed  Course  of  Project;  A  reevaluation  of  catecholamine  metabolism  in  the 
SHR  is  planned  using  prehypertensive  animals.  Also,  several  aspects  of  catechol- 
amine metabolism  will  be  evaluated  in  a  new  stroke-prone  strain  of  rats 
developed  at  Kyoto  University.   These  animals  develop  extremely  high  blood 
pressure.   Further  studies  on  protein  synthesis  in  the  small  vasculature  are 
planned. 

Honors  and  Awards:   None 

Publications : 

Lovenberg,  W. ,  Yamabe,  H. ,  de  Jong,  W. ,  and  Hansen,  C.T.:   Genetic 
variation  of  the  catecholamine  biosynthetlc  enzyme  activities  in 
various  strains  of  rats  Including  the  spontaneously  hypertensive 
rat.   In  Usdin,  E.  and  Snyder,  S.  (eds.):  Frontiers  in  Catecholamine 
Research.   London,  Pergamon  Press,  1973,  pp.  891-895. 
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2.  Section  on  Biochemical  Phamacology 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Effect  of  Renal  Infarction  on  Aromatic  Amino  Acid 
Decarboxylase  Levels  in  Serum  and  Kidney  Tissue 

Previous  Serial  Number:   NHLI-80(c) 

Principal  Investigator:   James  S.  Goodwin,  M.D. 

Other  Investigators:   Perry  V.  Halushka,  M.D.,  Ph.D. 
Hirohiko  Yamabe,  M.D. 
Walter  M.  Lovenberg,  Ph.D. 
Stephen  Nightingale,  M.D. 

Cooperating  Units:   Division  of  Renal  Medicine,  Johns  Hopkins  University 

Project  Description: 

Objectives:  Aromatic  L;-amino  acid  decarboxylase  catalyzes  the  decarboxylation 
of  a  variety  of  aromatic  amino  acids.   The  most  significant  reactions  catalyzed 
by  this  enzyme  are  the  synthesis  of  dopamine  and  serotonin  from  the  cor- 
responding amino  acids  in  neuronal  tissue. 

Very  high  concentrations  of  this  enzyme  are  also  found  in  mammalian  kidney, 
thovigh  its  exact  location  and  function  there  are  not  known.   There  is  no 
enzyme  activity  in  normal  rat  or  human  serum.   The  objectives  of  the  present 
investigation  are: 

1)  to  see  if  aromatic  L-amlno  acid  decarboxylase  "leaks"  into 
the  serum  and  is  measurable  during  various  types  of  physical 
insult  to  the  kidney, 

2)  to  localize  tissue  distribution  of  aromatic  L-amlno  acid 
decarboxylase  within  the  kidney  by  causing  selective 
destruction  of  tissue. 

Methods:   1)  Serum  was  obtained  from  three  patients  undergoing  acute  rejection 
of  a  transplanted  kidney,  and  also  from  a  patient  with  methacillln  related 
interstitial  nephritis. 

2)  Sprague-Dawley  rats  had  one  of  the  following  surgical  procedures: 

a)  sham  operation 

b)  denervation  of  left  kidney 

c)  ligation  of  left  ureter 

d)  ligation  of  left  upper  pole  artery 

1  ^f/ 


Serial  No.   NHLI-271(c) 

Rats  were  sacrificed  three  to  five  days  later  and  aromatic  L-amino  acid 
decarboxylase  levels  of  serum  and  both  kidneys  were  measured. 

3)  Serum'  was  obtained  from  dogs  at  one,  three  and  five  days  after  acute 
pyelonephritis  was  induced  bilaterally. 

Major  Findings:  1)  The  four  patients  described  above  like  all  normal  individ- 
uals had  no  measurable  aromatic  L-amino  acid  decarboxylase  activity  In  their 
sera. 

2)  Denervation  of  a  rat  kidney  resulted  in  20%  decrease  in  enzyme  activity. 
Ligation  of  the  ureter  resulted  in  a  50  to  75%  decrease  in  tissue  activity  5 
days  after  ligation  with  the  appearance  of  small  but  measurable  amounts  of 
enzyme  activity  in  the  rat  serum. 

Ligation  of  a  branch  of  the  renal  artery  did  not  result  in  the  appearance  of 
enzyme  activity  in  the  serum,  although  the  total  renal  enzyme  was  decreased 
by  about  30%  in  the  infarcted  kidney.   This  value  appeared  to  be  related  to 
the  degree  of  infarction. 

3)  Although  serum  creatinine  rose  in  all  dogs,  consistent  with  acute  renal 
failure,  no  dopa  decarboxylase  activity  was  measurable  in  serum  from  these 
dogs. 

Significance  to  Biomedical  Research  and  Institute  Program;   On  the  basis  of 
measurements  in  four  patients.  It  does  not  appear  that  kidney  rejection  or 
nephritis  cause  the  appearance  of  aromatic  L;-amlno  acid  decarboxylase  activity 
in  human  serum. 

Since  denervation  gives  only  a  20%  reduction  In  enzyme  activity,  it  is  apparent 
that  most  of  the  dopa  decarboxylase  In  the  kidney  is  not  associated  with  nerve 
endings.   Ligation  of  the  ureters,  a  procedure  that  leads  to  the  preferential 
destruction  of  tubules  before  parenchymal  tissue  is  greatly  affected,  resulted 
in  marked  decrease  in  activity.  While  there  was  a  small  amount  of  enzyme 
activity  found  in  rat  serum  after  severe  renal  damage,  this  finding  could  not 
be  reproduced  in  dogs  and  humans.   Therefore,  It  Is  unlikely  that  serum 
dopa  decarboxylase  activity  can  be  used  as  a  marker  In  renal  disease. 

Proposed  Course  of  Project;   Project  terminated. 

Honors  and  Awards;   None 

Publications:   None 
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Individtial  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  Purification  and  Characterization  of  Human  Dopamlne-B- 
Hydroxylase 

Previous  Serial  Number:  None 

Principal  Investigator:  Jame^  S.  Goodwin,  M.D. 

Other  Investigators:  Walter  M.  Lovenberg,  Ph.D. 
Ellen  F.  Wallace,  Ph.D. 
David  Horwitz,  M.D. 
R.  Wayne  Alexander,  M.D. ,  Ph.D. 
Harry  R.  Reiser,  M.D. 

Cooperating  Units:  None 

Project  Description: 

Objectives:  Dopamine- B-hydroxylase  (DBH)  is  the  third  enzyme  in  a  three  step 
process  that  converts  tyrosine  to  norepinephrine.   The  enzyme  is  found  in 
mammalian  central  and  peripheral  nervous  systems  in  neurons  which  have  nor- 
epinephrine as  a  synaptic  transmitter.   DBH  is  also  located  in  the  chromaffin 
cells  of  the  adrenal  medulla.   Over  the  past  few  years  there  has  been  extensive 
work  showing  that  DBH  is  associated  with  the  sjmaptic  vesicles  in  adrenergic 
neurons  and  with  the  chromaffin  granules  in  the  adrenal  medullary  cells.   This 
enzyme  is  released  from  adrenal  cells  and  sympathetic  neurons  along  with  its 
product  norepinephrine;  and  the  biologically  active  enzyme  can  be  recovered 
in  lymph  and  peripheral  blood. 

Recent  work  in  our  laboratory  and  elsewhere  has  attempted  to  correlate  levels 
of  DBH  in  peripheral  blood  with  the  activity  of  the  sympathetic  nervous  system. 
In  particular,  an  effort  has  been  made  to  measure  DBH  activity  in  various 
disease  states  where  one  might  expect  increased  or  decreased  sympathetic 
activity;  e.g.,  familial  dysautonomia  and  essential  hypertension.   There  has 
also  been  an  effort  to  measure  DBH  in  the  cerebral  spinal  fluid,  in  order  to 
test  the  recently  reported  autopsy  studies  showing  brain  DBH  levels  to  be 
50%  of  normal  in  schizophrenics. 

These  lines  of  investigation  have  been  retarded  by  lack  of  an  adequate  assay. 
The  classical  assays  for  DBH  are  based  on  its  biologic  activity,  and  therefor- 
cannot  measure  very  low  levels  of  the  enzyme  or  enzyme  that  is  inactive.   Thert 
fore  several  radioimmunoassays  for  DBH  have  been  developed  recently,  using 
rabbit  anti-sheep  or  rabbit  anti-bovine  DBH  antibodies  and  ^^^I-labelled  bovine 
or  sheep  DBH.  While  these  have  proven  more  sensitive  than  the  biologic  assays. 
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they  still  lack  sensitivity  because  they  are  heterogenous.  The  antibody  Is 
not  directed  against  human  DBH. 

Therefore  the  goals  of  this  project  are: 

1)  purify  dopainlne-6-hydroxylase  from  human  serum  and  adrenals, 

2)  characterize  serum  and  adrenal  enzymes, 

3)  Induce  formation  of  anti-human  DBH  antibodies  in  rabbits  and 
establish  radioimmunoassay  for  human  DBH, 

4)  using  this  assay,  measure  DBH  levels  in  serum  of  hypertensive 
and  normal  subjects,  and  also  measure  levels  in  the  CSF  of 
schizophrenics  and  normal  subjects. 

Methods;  1)  Purification.  Standard  isolation  techniques  were  employed  to 
purify  DBH  from  human  serum.  These  include  aimnonlum  sulfate  fractionation, 
binding  to  and  elutlon  from  DEAE  cellulose  columns  and  calcium  phosphate  gels, 
and  Sephadex  fractionation.  Additional  purification  steps  include  affinity 
binding  to  tyramlne-Sepharose  columns  and  binding  of  DBH  to  concanavalin  A- 
Sepharose  columns,  utilizing  the  carbohydrate  moiety  of  DBH  which  binds  to 
concanavalin  A. 

The  above  steps  can  also  be  employed  in  the  purification  of  DBH  from  human 
adrenals  obtained  at  autopsy  and  from  pheochromocytoma  tissue  obtained  at 
operation. 

2)  Characterization  of  human  serum  and  adrenal  DBH.   DBH  from  bovine 
adrenals  has  been  isolated  and  characterized  as  to  molecular  weight,  subunit 
content,  amino  acid  analysis,  carbohydrate  content,  copper  content,  kinetic 
properties  and  mechanism  of  action.   Utilizing  sodium  dodecyl  sulfate  gels, 
sephadex  fractionation,  disc  gel  electrophoresis  and  carbohydrate  specific 
stains,  similar  characterization  can  be  done  with  human  DBH. 

3)  Antibodies  to  human  DBH  were  induced  in  rabbits  using  standard 
techniques.  Including  multiple  intradermal  and  Intramuscular  injections  of 
human  DBH  in  complete  Freunds  adjuvant.   The  antlsera  is  harvested  regularly 
and  partially  purified  with  absorption  to  and  elutlon  from  DEAE-cellulose. 

Purified  DBH  can  be  labelled  to  high  specific  activity  with  one  of  two  methods. 
The  classical  method  is  to  directly  iodinate  the  tyrosine  molecules  in  DBH 
with  125i  after  chloramine  T  activation.   Recently  a  new  method  has  been 
described  in  which  a  phenyl succinimlde  is  labelled  with  125i  and  this  compound 
is  then  covalently  bound  to  free  amino  groups  on  the  protein. 

Sera  is  collected  from  hjrpertensive  patients  on  the  NIH  wards  and  also  from 
patients  attending  the  NIH  hypertension  clinic.   DBH  activity  is  measured  by 
a  standard  biologic  assay  and  an  aliquot  is  stored  for  later  radioimmunoassay. 
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CSF  sauries  are  collected  from  patients  undergoing  pneumoencephalograms  and 
diagnostic  lumbar  punctures,  and  also  from  a  group  of  patients  with  schizo- 
phrenia or  manic  depressive  psychosis  on  the  psychiatric  wards.  All 
psychiatric  patients  are  off  all  medications  for  two  weeks  prior  to  the  lumbar 
puncture. 

Major  Findings;   1)  Purification.  Human  serum  contains  up  to  10  yg/ml  of 
active  enzyme.   Starting  with  1500  ml  of  pooled  himian  serum,  a  highly  purified 
enzyme  preparation  was  obtained.  The  final  product  was  purified  about  2000- 
fold  with  a  recovery  of  about  2%.  However,  disc  gels  indicate  the  presence 
of  significant  amounts  of  three  or  four  contaminating  proteins. 

Using  pheochromocytoma  tissue  a  pure  DBH  protein  was  isolated  with  no  con- 
taminating bands  on  disc  gel.  However,  the  recovery  was  poor  and  the  total 
amount  of  DBH  isolated  was  less  than  100  yg. 

2)  Characterization.  Chromatography  of  partially  purified  protein  on 
columns  of  Sephadex  G-200  resolves  the  htunan  DBH  into  two  distinct  molecular 
species.   Both  with  enzymatic  activity,  the  larger  species  has  a  molecular 
weight  comparable  to  the  300,000  daltons  found  for  bovine  DBH,  while  the 
smaller  DBH  species  is  about  half  that.   Disc  gel  electrophoresis  after 
treatment  with  1%  sodium  dodecyl  sulfate  and  1%  2-mercaptoethanol  indicates 
that,  like  the  bovine  adrenal  enzyme,  the  human  serum  DBH  is  made  up  of 
75,000  M.W.  subunlts. 

Carbohydrate  stains  of  disc  gels  indicates  that  human  serum  DBH  is  a 
glycoprotein. 

3)  Radioimmunoassay .  Antibodies  to  human  DBH  were  raised  in  high  titer 
in  two  rabbits  after  multiple  injections  of  partially  purified  human  serum  DBH. 
These  antibodies  cross  react  with  bovine  DBH,  but  with  10-fold  less  affinity. 
Conversely,  antibodies  to  bovine  DBH  have  10-fold  less  affinity  to  human  DBH. 

Unfortunately,  the  antlsera  raised  to  human  DBH  cross  react  with  several 
other  serum  proteins.   So  they  are  not  suitable  for  development  of  radlo- 
limminoassay.  Purification  of  the  anti-DBH  antibodies  must  await  final  puri- 
fication of  human  DBH. 

A)  Measurement  of  Dopamine- B-Hydroxylase.   Blood  and  CSF  samples  are 
being  collected  and  stored  for  later  radioimmunoassay.  Using  the  assay  for 
DBH  activity,  we  have  found  serum  DBH  activity  in  normal  subjects  extends 
over  a  range  of  100-fold  (5  to  500  units/ml).  However,  each  individual  sub- 
ject had  a  remarkably  constant  level  when  measured  over  a  period  of  time  of 
up  to  six  months.   This  would  suggest  that  the  level  of  serum  DBH  might  be  a 
genetic  characteristic  of  the  individual.   Indeed,  work  in  our  laboratory  and 
elsewhere  has  found  a  significant  correlation  of  DBH  levels  among  siblings. 
We  have  also  found  that  blacks  have  significantly  lower  DBH  levels  than  whites. 

In  a  study  of  160  subjects,  we  found  no  correlation  between  serum  DBH  activity 
and  systolic  or  diastolic  blood  pressure.   Short  term  stimuli  for  increased 
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sympathetic  function,  such  as  strenuous  exercise  or  the  cold  pressor  test, 
do  not  result  in  Increased  serum  levels  of  DBH.  This  may  be  explained  by 
the  long  half -life  of  DBH  In  human  serum.  We  studied  the  decay  of  serum  DBH 
activity  In  patients  with  high  DBH  associated  with  a  pheochromocytoma  after 
removal  of  the  tumor.   The  half-life  for  human  DBH  derived  from  these  findings 
Is  about  6  to  12  hours. 

Significance  to  Biomedical  Research  and  Institute  Program;  The  presence  and 
activity  of  dopamine-S-hydroxylase  is  essential  for  the  S3mthesis  of  nor- 
epinephrine in  adrenergic  neurons  and  the  adrenal  chromaffin  cells.   Detailed 
molecular  knowledge  of  the  regulation  and  properties  of  DBH  is  important  for 
our  understanding  of  these  cells. 

Hyperactivity  of  the  sympathetic  nervous  system  has  been  implicated  in  the 
etiology  and/or  maintenance  of  both  essential  hypertension  in  man,  and 
experimental  forms  of  hjrpertension  in  animals.   Isolation  and  characterization 
of  DBH  should  lead  to  clearer  understanding  of  the  mechanisms  of  neuro- 
transmitter synthesis,  building  a  firmer  base  from  which  to  postulate  possible 
therapeutic  modalities  in  disease  states  that  involve  adrenergic  systems,  such 
as  is  suggested  for  hypertension  and  schizophrenia. 

While  we  found  no  correlation  between  blood  pressure  and  serum  DBH  levels, 
other  groups  have  recently  reported  a  positive  correlation  for  these  measure- 
ments.  The  differences  in  findings  of  the  different  studies  is  unexplained, 
but  may  be  due  to  differences  in  assay  methods  or  in  patient  population. 

Development  of  a  sensitive  radioimmunoassay  for  DBH  should  help  resolve  these 
differences,  and  will  allow  for  further  testing  of  the  role  of  the  nor- 
epinephrine secreting  cells  of  the  peripheral  and  central  nervous  systems 
in  normal  and  disease  states. 

Proposed  Course  of  Project:  Work  at  this  time  is  concentrated  on  purifying 
human  DBH  from  adrenals,  using  affinity  binding  to  concanavalln  A-Sepharose 
columns . 

Antibodies  can  then  be  purified  by  binding  to  DBH-concanavalin  A-Sepharose 
columns . 

Honors  and  Awards:   None 

Publications : 

1.  Lovenberg,  W. ,  Goodwin,  J.S.,  and  Wallace,  E.F. :  Molecular 
properties  and  regulation  of  dopamine-6-hydroxylase.   In 
Mechanisms  in  Neurobiology 

2.  Lovenberg,  W. ,  Bruckwlck,  E. ,  Alexander,  R.W. ,  Horwitz,  D., 
and  Kelser,  H.R.:   Evaluation  of  serum  dopamine- 6-hydroxylase 
activity  as  an  index  of  sympathetic  nervous  activity  in  man. 
Adv.  Blochem.  Psychopharmacol. ,  in  press. 
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Pineal  Glands 

Previous  Serial  Number:  NHLI-85 

Principal  Investigator:  James  S.  Goodwin,  M.D.       | 

Other  Investigators:  Walter  M.  Lovenberg,  Ph.D. 

I 
Cooperating  Units:  None  j 

Project  Description: 

Objectives;   Serotonin  N-acetyl-transf erase  (N.A.T.)  is  the  rate-limiting  enzyme 
in  the  conversion  of  serotonin  to  melatonin.  At  night  there  is  a  four-  to  six- 
fold Increase  in  melatonin  production  in  the  rat  pineal,  and  a  20-  to  40-fold 
increase  in  N-acetyl  transferase  activity.   This  increase  is  mediated  through 
new  protein  synthesis.   There  is  a  very  rapid  fall  in  N.A.T.  activity  in  vivo 
when  dark-adapted  rats  are  exposed  to  light.   This  is  parallelled  in  vitro 
by  the  rapid  loss  in  N.A.T.  activity  when  crude  pineal  homogenate  is  incubated 
at  37°.   The  large  increase  in  N.A.T.  activity  seen  at  night  can  also  be  pro- 
duced by  isoproterenol  or  other  agents  that  produce  beta  stimulation.   The 
objectives  of  this  present  investigation  are  to  determine  the  molecular  basis 
for  this  rapid  in  vivo  and  in  vitro  deactivation  of  N.A.T.  and  also  to  determine 
whether  reactivation  of  the  N.A.T.  is  possible  and  whether  such  a  reactivation 
plays  a  role  in  the  in  vivo  regulation  of  melatonin  synthesis. 

Specifically,  our  goals  are: 

1)  purification  of  N.A.T., 

2)  test  the  hypothesis  that  an  acetyl-enzyme  is  the  active  form 
of  N.A.T., 

3)  test  the  hypothesis  that  a  sulfhydryl  group  is  involved  in  the 
active  site  of  N.A.T., 

4)  test  hypothesis  that  N.A.T.  is  activated  via  phosphorylation 
by  cAMP-dependent  protein  kinase, 

5)  test  hypothesis  that  N.A.T.  is  activated  by  an  increase  in 
intracellular  acetyl  coenzyme  A. 
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Methods :  Methods  for  goals  from  1  through  4  are  detailed  on  the  1973  project 
report.  The  role  of  acetyl  coenzyme  A  In  the  activation  and  deactivation  of 
N.A.T.  was  Investigated  In  two  ways.   First,  by  measuring  pyruvate  dehydro- 
genase activity  In  the  rat  pineal  before  and  after  stimulation  with 
Isoproterenol  and  second,  by  attempting  to  directly  assay  acetyl  coenzyme  A 
in  stimulated  and  unstimulated  rat  plneals. 

14 
Pyruvate  dehydrogenase  was  assayed  with   C-pyruvate  labelled  on  the  carboxy 

carbon,  and  ■'■CO  2  was  captured  and  counted  on  phenylethylamlne-soaked  filter 

paper.  Acetyl  coenzyme  A  was  measured  in  a  double  isotope  dilution  assay  using 

partially  purified  N.A.T. ,  ■'^  x-tryptamine,  and  %  acetyl  coenzyme  A. 

Major  Findings:   Findings  for  goals  one  through  four  are  detailed  on  the  1973 
project  report.   Pyruvate  dehydrogenase  is  the  enzjnne  responsible  for  production 
of  acetyl  coenzyme  A,  the  cof actor  for  N.A.T.   The  fact  that  the  addition  of 
acetyl  coenzyme  A  to  an  incubation  of  N.A.T.  dramatically  retards  inactivation 
of  the  enzyme  suggested  to  us  that  levels  of  acetyl  coenzyme  A  in  the  pineal 
gland  might  control  the  activity  of  N.A.T.  in  vivo.   As  reported  by  others, 
pyruvate  dehydrogenase  is  an  enzyme  complex  containing  a  cAMP-dependent  protein 
kinase.  The  rise  in  cAMP  seen  in  the  pineal  gland  after  beta  stimulation 
might  serve  to  activate  pyruvate  dehydrogenase  to  produce  more  acetyl  coenzyme 
A,  resulting  in  an  activation  or  stabilization  of  N.A.T. 

By  our  assay  system  we  could  detect  no  increase  in  rat  pineal  pyruvate  dehy- 
drogenase 10,  20,  30,  or  60  minutes  after  isoproterenol  injection.   The  double 
Isotope  dilution  assay  for  acetyl  coenzyme  A  was  not  sensitive  enough  to  detect 
the  small  amounts  of  this  coenzyme  in  the  rat  pineal  glands. 

Significance  to  Biomedical  Research  and  Institute  Program:   The  regulation  of 
N.A.T.  activity  in  the  pineal  is  an  exceptional  model  for  mammalian  enzyme 
regulation.  This  activity  can  be  rapidly  induced  some  50-fold  over  its  basal 
level.   The  rapid  turnover  of  the  enz3nne  and  consequently  its  great  lability 
in  vitro,  however,  have  made  it  extremely  difficult  to  adequately  characterize 
this  protein.   The  results  of  the  study  to  date  indicate  that  this  is  a  sulf- 
hydryl  enzyme  with  a  molecular  weight  in  the  range  of  40,000  to  60,000.   No 
conclusive  evidence  could  be  obtained  for  an  acetyl  enzyme  Intermediate  although 
this  is  still  a  distinct  possibility.   It  is  clear,  however,  that  if  this  pro- 
tein could  be  characterized  and  the  mechanism  by  which  it  is  activated 
determined,  then  the  whole  sequence  of  events  by  which  neuronal  impulses 
modulate  enzyme  activities  vould  be  understood. 

Proposed  Course  of  Project;   Further  work  is  being  directed  at  purifying  N.A.T., 
and  working  with  more  purified  preparations  on  the  role  acetyl  Co  A  and 
diothlothreitol  play  in  stabilizing  N.A.T. 

Honors  and  Awards:   None 

Publications :  None 
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PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  Control  of  Growth  Hormone  Secretion 

Previous  Serial  Number:  None 

Principal  Investigator:  Jay  S.  Skyler,  M.D. 

Other  Investigators:  Stephen  J.  Victor,  M.D. 

Hans  G.  Baumgarten,  Ph.D. 

Walter  M.  Lovenberg,  Ph.D. 
Cooperating  Units:   None 
Project  Description: 

Ob j  ectlves :   The  secretion  of  growth  hormone  by  the  adehohjrpophysis  is  under 
the  control  of  hypothalamic  peptides,  growth-hormone  releasing  hormone  and 
growth-hormone  release- inhibiting  hormone  (somatostatin) .  These  hypothalamic 
peptides  in  turn  are  under  control  of  dopaminergic  and  serotonergic  neurons 
in  the  hypothalamus  and/or  other  brain  areas.  Recent  evidence  has  shown  that 
serotonergic  activity  stimulates  release  of  growth  hormone  and  that  dopaminer- 
gic activity  may  either  stimulate  or  inhibit  growth  hormone  release,  with 
some  species  differences. 

Serotonin  production  is  regulated  by  tryptophan  hydroxylase  and  dopamine  pro- 
duction by  tyrosine  hydroxylase.  An  accompanying  report  discusses  specific 
Inhibitors  of  these  enzymes. 

The  objective  of  this  project  is  to  define  further  the  hypothalamic  regulation 
of  growth  hormone  secretion  by  serotonergic  and  dopaminergic  mechanisms. 

Methods:   Drugs  which  are  specifically  cytotoxic  for  serotonergic  and  catechol- 
aminerglc  neurons  are  injected  Intraventrlcularly  into  newborn  or  adult  rats. 
Growth  of  rats  Is  measured  by  weight  change.   Growth  hormone  is  measured  by 
standard  radioimmunoassay  and  destruction  of  neurons  are  monitored  by  measuring 
changes  in  tryptophan  and  tyrosine  hydroxylase. 

Major  Findings:  A  single  dose  of  5,6-dihydroxytryptamine  (5,6-DHT)  to  a  new- 
bom  rat  causes  a  reduction  of  growth.   Likewise,  intraventricular  administra- 
tion of  75  yg  5,6-DHT  to  rats  of  8  weeks  of  age  causes  a  reduction  in  weight 
gain  over  the  next  several  weeks.   This  dose  of  5,6-DHT  causes  a  permanent 
destruction  of  about  20%  of  the  serotonergic  neurons  in  the  hjrpothalamus . 
Ongoing  experiments  are  designed  to  measure  circulatory  growth  hormone  and  to 
attempt  to  correlate  Its  levels  with  loss  of  serotonergic  neurons  in  the 
hypothalamus . 
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Significance  to  Biomedical  Research  and  Institute  Progrtun;  Understanding  the 
monoamlnerglc  control  of  growth  hormone  secretion  may  allow  better  Insight 
into  regulation  of  growth,  including  such  aspects  as  the  mechanism  of  psycho- 
logically induced  growth  retardation.  Likewise,  there  is  potential  for 
development  of  pharmacologic  agents  to  either  enhance  growth  hormone  secretion 
(in  the  case  of  some  growth-hormone  deficient  patients)  or  depress  its 
secretion  (in  the  case  of  acromegalic  patients  or  patients  with  diabetes 
mellitus) . 

Growth  hormone  levels  in  patients  with  juvenile  diabetes  are  elevated,  and 
may  be  related  to  diabetic  complications.  The  ability  to  suppress  this 
elevated  growth  hormone  could  potentially  help  diminish  these  vascular  com- 
plications of  diabetes. 

In  addition,  these  studies  may  promote  the  fundamental  understanding  of  neuro- 
endocrine regulation,  especially  of  the  hypothalamlc-h3rpophyseal  axis. 
Growth  hormone  levels  may  also  potentially  serve  as  an  index  of  central 
serotonergic  activity. 

Proposed  Course  of  Project;  The  following  experimental  approaches  will  be 
undertaken : 

1)  further  examination  of  the  effects  of  Inhibitors  of 
tryptophan  hydroxylase  and  tyrosine  hydroxylase  on 
growth  hormone  secretion, 

2)  attempts  to  overcome  the  changes  with  other  substances 
that  stimulate  or  Inhibit  growth  hormone  secretion, 

3)  attempts  to  examine  secretion  of  other  pituitary  hormones 
to  determine  specificity  of  effects  for  growth  hormone 
secretion. 

Honors  and  Awards:  None 

Pub licat  ions :  None 
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1.  Hypertension- Endocrine  Branch 

2.  Section  on  Biochemical  Pharmacology 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Growth  Hormone  Secretion  and  Structure  in  Human  Tumors 
Maintained  in  Tissue  Culture 

Previous  Serial  Number:  None 

Principal  Investigator:  Jay  S.  Skyler,  M.D.  ' 

Other  Investigators:   Richard  A.  Knazek,  M.D.  1 

Alan  D.  Rogol,  M.D.,  Ph.D. 
Andreas  C.  Chrambath,  Ph.D. 
Walter  M.  Lovenberg,  Ph.D. 
Pletro  M.  Gulllno,  M.D. 

Cooperating  Units:  Laboratory  of  Pathophysiology,  NCI 
Reproduction  Research  Branch,  NICHD 
Clinical  Endocrinology  Branch,  NIAMDD 

Project  Description: 

Ob j  ectives ;   1)  To  gain  insight  into  control  of  hormone  secretion  in  tissue 
culture . 

2)  To  study  the  physical-chemical  structure  of  growth  hormone. 

3)  To  develop  a  method  of  production  of  large  quantities  of  growth  hormone 
for  therapeutic  purposes. 

Methods :   Tumors  taken  from  acromegalic  patients  undergoing  hypophysectomy 
«re  grown  in  tissue  culture  both  in  monolayer  and  in  artificial  capillaries. 
Growth  hormone  and  prolactin  secretion  into  tissue  culture  media  is  monitored 
by  radioimmunoassay.  Agents  to  stimulate  or  decrease  hormone  secretion  are 
added  to  the  tissue  culture  apparatus  and  secretion  monitored. 

Growth  hormone  and  prolactin  produced  by  the  tumor  are  compared  with  their 
"normal"  serum  and  pituitary  counterparts  by  immunological  dilution  in  radio- 
immunoassay, gel  filtration,  and  quantitative  polyacrylamlde  gel  electro- 
phoresis (PAGE). 

i 

Major  Findings;   The  first  tumor  used  did  grow  In  tissue  culture  and  was  found 
to  secrete  both  growth  hormone  and  prolactin.   Preliminary  results  show  that 
tumor  prolactin  appears  indistinguishable  from  normal  prolactin  by  gel  filtra- 
tion and  quantitative  PAGE,  while  immunodilution  shows  non-parallelism.   Growth 
hormone  from  the  tumor  appears  indistinguishable  from  normal  by  immunodilution 
and  gel  filtration,  but  appears  to  have  a  significantly  lower  retardation 
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coefficient  by  quantitative  PAGE.  Further  studies  on  the  latter  point  using 
an  "optimized"  quantitative  PAGE  system  are  in  progress.  The  optimization 
procedure  has  been  described  (1). 

Significance  to  Biomedical  Research  and  Institute  Program;  Using  the  power 
of  quantitative  PAGE  In  conjunction  with  other  methods  of  comparison  of  peptide 
hormones,  it  may  be  possible  to  determine  if  the  hormones  produced  by  these 
tumors  are  altered  in  structure. 

If  in  a  given  tumor,  no  structural  alteration  can  be  demonstrated,  and  the 
growth  hormone  produced  in  capillary  perfusion  tissue  culture  can  be  shown  to 
be  biologically  active,  it  may  be  possible  to  use  this  technique  to  generate 
large  quantities  of  growth  hormone  to  use  therapeutically  In  growth-hormone 
deficient  patients. 

Honors  and  Awards:   None 

Publications: 

Chrambach,  A.C.  and  Skyler,  J.S.:   The  use  of  steady-state 
stacking  for  macromolecular  fractionation  by  polyacrylamlde 
gel  electrophoresis.   In  Protldes  of  the  Biological  Fluids, 
Vol.  22,  Fergamon  Press,  in  press. 
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Project  Title:  Juvenile  Diabetes  Mellltus 

Previous  Serial  Number:  None 

Principal  Investigator:  Jay  S.  Skyler,  M.D. 

Other  Investigators:   George  J.  Ellis,  M.D.  ' 

Franclne  L.  Levobltz,  R.N. 
Donnell  D.  Etzwller,  M.D. 

Cooperating  Units:  Division  of  Endocrinology,  Department  of  Medicine, 
Duke  University,  Durham,  North  Carolina; 
Carolina's  Camp  for  Diabetic  Children;  Diabetes 
Education  Center,  Minneapolis,  Minnesota 

Project  Description: 

Ob j ectives :   1)  To  improve  education  of  health  personnel  about  diabetes 
mellltus,  2)  to  Improve  education  of  children  with  diabetes  mellitus  about 
their  condition,  and  3)  to  better  understand  juvenile  diabetes,  especially 
complications  of  diabetes. 

Methods:  Approximately  110  youths  with  diabetes  mellitus  each  year  attend 
Carolinas'  Camp  for  Diabetic  Children.  Medical  and  nursing  students  live 
in  cabins  with  groups  of  8  to  12  children  with  diabetes  to  both  learn  about 
the  condition  and  help  in  instructing  the  children  in  proper  diabetic  manage- 
ment. 

Evaluation  forms  are  completed  by  staff  to  monitor  diabetes  education  of 
patients.   Follow-up  questionnaires  are  completed  by  children  and  parents. 

Major  Findings;   1)  Children  can  learn  proper  techniques  of  insulin  administra- 
tion and  urine  testing,  and  continue  to  utilize  these  techniques  for  many  months 
after  being  taught.  They  tend  not  to  continue  to  adhere  to  proper  dietary 
habits. 

2)  Complications  of  diabetes  may  be  detected  even  in  young  patients  if 
somewhat  sophisticated  screening  (fundus  photography,  vibratory  perception 
threshold)  is  used.   These  seem  to  correlate  with  elevated  blood  lipids  and 
a  history  of  poor  diabetic  control. 

3)  Diabetic  camp  appears  to  be  the  single  best  setting  for  education 
of  health  personnel  about  diabetes  mellltus. 
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4)  Data  were  gathered  concerning  the  format  and  teaching  programs  of  47 
camps  for  children  with  diabetes  in  the  United  States.  This  data  is  to  serve 
as  a  background  for  developing  guidelines  for  such  camps.  An  international 
workshop  has  been  organized  for  that  purpose. 

Significance  to  Biomedical  Research  and  Institute  Program;  That  control  of 
diabetes  is  related  to  vascular  complications  has  become  increasingly  apparent 
in  light  of  many  recent  studies.  Since  in  the  past  (and  even  today)  this  con- 
cept has  been  controversial,  normalization  of  blood  sugar  has  not  been  the 
goal  of  management  of  most  patients  with  diabetes. 

The  attainment  of  that  goal  is  difficult  to  achieve  and  requires  much  effort 
on  the  part  of  physician  and  patient  alike.   However,  neither  has  been  well- 
educated  in  the  methods  needed  to  achieve  that  goal.   Since  camps  for  children 
with  diabetes  provide  a  format  for  education  of  health  personnel  and  patients, 
they  may  provide  one  of  the  best  formats  for  achieving  the  goal  of  normaliza- 
tion of  blood  sugar. 

Vascular  complications  of  diabetes  by  no  means  account  for  all  of  the  morbidity 
associated  with  the  condition.  Indeed  the  marked  increase  in  incidence  and 
severity  of  atherosclerotic  disease  associated  with  diabetes  is  equally  im- 
portant. Our  findings  indicate  there  may  be  a  correlation  between  elevated 
lipids,  early  signs  of  vascular  complications,  and  poor  control.  Thus 
education  in  achievement  of  normalization  of  sugar  may  help  to  decrease  the 
incidence  and  severity  of  atherosclerotic  disease  and  of  vascular  complica- 
tions of  diabetes. 

Proposed  Course  of  Project;   1)  Develop  teaching  aids  for  patients  with 
diabetes. 

2)  Develop  teaching  materials  to  improve  education  of  health  personnel 
about  diabetes. 

3)  Monitor  the  effectiveness  of  these  teaching  materials. 

4)  Expand  studies  of  incidence  of  vascular  complications  in  childhood 
diabetes. 

Honors  and  Awards;  None 
Publications: 

1.  Skyler,  J.S.,  Ellis,  G. J. ,  Delcher,  H.K.:  Carolinas'  camp  for 
diabetic  children.  I.  Report  of  first  five  years  of  operation. 
North  Carolina  Med.  J.   34:  935-938,  1973. 

2.  Skyler,  J.S.,  Ellis,  G.J.,  Bivins,  C.H.:   Carolinas'  camp  for 
diabetic  children.   II.  Descriptive  features  of  a  camper  popula- 
tion with  emphasis  on  complications.   North  Carolina  Med.  J. 

35:  29-32,  1974. 
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3.  Skyler,  J.S.:  Notes  on  Diabetes  Mellltus,  Hetdth  Care  Systems,  Inc. 
Durham,  N.C.,  1973,  56  pp. 

4.  Skyler,  J.S.,  Ellis,  G.J.,  Delcher,  H.K. :  The  value  of  summer 
camps  for  diabetic  children.   In  Laron,  Z.  (ed.):  The  Various 
Faces  of  Diabetes  in  Juveniles,  Basel,  S.  Karger,  A.G.,  1974, 
in  press. 

5.  Skyler,  J.S.:   Camping  for  youth  with  diabetes  mellitus:  Results 
and  analysis  of  a  survey  of  camps.   In  Etzwiler,  D. ,  et  al.  (ed.): 
Diabetes  and  Camping,  1973,  in  press. 

6.  Skyler,  J.S.  and  Ellis,  G.J.:  Diabetic  camp  as  a  setting  for 
education  of  health  personnel.  In  Etzwiler,  D.,  et  al.  (ed.): 
Diabetes  and  Camping,  1973,  in  press.  i 
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Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:  Studies  on  5,6-  and  5 , 7-Dihydroxytryptamlne  (DHT) --Agents 
that  Cause  Degeneration  of  Serotonergic  Neurons 

Previous  Serial  Number:  NHLI-84 

Principal  Investigator:   Stephen  J.  Victor,  M.D. 

Other  Investigators:  Walter  M.  Lovenberg,  Ph.D. 
Hans  G.  Baumgarten,  M.D. 

Cooperating  Units:   None 

Project  Description: 

Objectives:   5,6-DHT  and  5,7-DHT  are  two  hydroxy lated  derivatives  of  serotonin 
which  cause  degeneration  of  serotonergic  neurons.   This  property  has  been 
demonstrated  through  histochemical  means,  as  well  as  through  studies  on 
regional  tissue  levels  of  biogenic  amines  in  the  central  nervous  system  of 
the  rat.  We  have  used  regional  tryptophan  hydroxylase  as  a  marker  enzyme  for 
serotonergic  neurons  and  have  demonstrated  depletion  of  regional  tryptophan 
hydroxylase  following  intraventricular  Injection  of  either  compound.   These 
findings  are  described  in  a  previous  report. 

5,7-DHT  is  a  far  more  effective  depletor  of  tr)^tophan  hydroxylase  and  is 
less  toxic  than  5,6-DHT,  thus  following  for  higher  doses:  A  severe  depletion 
Is  seen  in  all  regions  following  5,7-DHT,  whereas  the  depletion  seen  follow- 
ing 5,6-DHT  is  chiefly  in  the  spinal  cord  and  mesencephalic  tectum,  and  to  a 
lesser  extent  in  other  regions. 

We  have  attempted  to  elucidate  the  mechanism  of  action  of  these  agents  and 
their  specificity. 

Methods:   Tr3rptophan  hydroxylase  was  measured  according  to  a  modification  of 
the  method  of  Friedman,  Kappelman  and  Kaufman  (1972)  as  recently  described 
In  the  literature.   Tyrosine  hydroxylase  was  assayed  according  to  a  modifica- 
tion of  the  method  of  Nagatsu,  Levitt,  and  Udenfrlend  using  6-methyltetra- 
hydropterln  as  cof actor. 

Major  Findings:   1)  Work  from  other  laboratories  has  shown  that  5,7-DHT 
depletes  serotonin  from  brain  regions.   Norepinephrine  is  depleted  to  a 
lesser  extent  eind  dopamine  Is  unaffected.   Our  work  has  shown  that  while 
tryptophan  hydroxylase  is  depleted  in  regions  12  days  following  injection  of 
75  yg  5,7-DHT  Intraventricularly,  tyrosine  hydroxylase,  an  enzyme  found  in 
catecholamine  neurons,  is  unaffected. 
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2)  Tr3T>tophan  hydroxylase  was  drastically  depleted  in  hypothalamus, 
forebrain,  midbrain,  pons-medulla  and  spinal  cord  6,  12,  20,  and  AO  days 
following  intracistemal  injection  of  40  yg  5,7-DHT  in  the  newborn  rat. 
Weight  gain  in  these  animals  was  greatly  depressed  compared  to  normal  litter 
mates.  Tyrosine  hydroxylase  seems  largely  unaffected.  The  effect  of  this 
treatment  on  growth  hormone  levels  is  being  investigated  and  this  Is 
described  in  an  accompanying  report  in  collaboration  with  Dr.  Jay  Skyler. 

3)  Tryptophan  hydroxylase  was  depressed  in  most  regions  1  hour 
following  intraventricular  injection  of  75  jig  5,6-DHT  in  the  adult  rat. 
While  5,6-DHT  inhibits  tryptophan  hydroxylase  in  vitro  (like  other 
catecholamines)  5,7-DHT  does  not. 

r 

4)  There  is  a  recovery  of  tryptophan  hydroxylase  at  about  4  to  6 
days,  following  the  early  decline  at  1  to  2  days.   This  may  suggest 
accumulation  of  enzymes  in  damaged  axons,  induction  of  enzyme,  or  axoplasmlc 
flow  inhibition.   A  long  lasting  depletion  (9  to  12  days  to  as  long  as  9 
months)  follows  this. 

14 

5)  When   C  labelled  5,6-DHT  is  injected  Intraventricular ly  a  large 

amount  of  the  radioactivity  is  excreted  in  the  urine  during  the  first  several 
days.   The  radioactivity  in  the  PCA  extract  of  brain  regions  decreases  during 
this  time,  while  a  high  proportion  of  counts  remains  In  the  PCA  pellet  bound 
to  protein.   When  serotonin  (5HT)  is  Injected,  there  Is  also  the  rapid 
decline  in  radioactivity  in  the  PCA  extract,  but  the  number  of  counts  In  the 
pellet  is  much  less.   This  suggests  that  5,6-DHT  or  some  metabolite  remains 
bound  to  protein,  while  5-HT  does  not. 

6)  Because  of  the  suggestion  of  an  effect  of  5,6-DHT  on  axoplasmlc  flow 
being  a  component  of  the  action  of  5,6-DHT,  colchicine  and  vinblastine,  two 
agents  known  to  Interact  with  microtubules,  were  injected  Intraventrlcularly. 
Animals  Injected  with  colchicine  10  to  20  yg  showed  bizarre  social  interaction 
(similar  to  the  behavior  seen  with  5,6-DHT)  two  days  following  injection. 
These  animals  also  showed  a  depletion  in  tryptophan  hydroxylase  in  some 
regions  8  days  following  injection.  Vinblastine  showed  no  effect  below  the 
toxic  dose. 

7)  Various  pharmacologic  manipulations  were  attempted  in  an  effort  to 
alter  the  effect  of  5,7-DHT  on  tryptophan.   These  Included  pretreatment  with 
desmethyllmipramine,  pargyline,  and  parachlorophenylalanlne .   These  agents 
did  not  affect  the  action  of  5,7-DHT. 

8)  Other  agents,  6,7-DHT  and  5,6,7-trlhydroxytryptamlne,  were  injected 
intraventrlcularly  in  an  effort  to  investigate  whether  these  related  hydroxy- 
lated  tryptamlnes  had  an  effect  similar  to  5,6-DHT  or  5,7-DHT.   6,7-DHT  was 
extremely  toxic  at  all  doses  and  caused  profound  convulsions.   5,6,7-Tri- 
hydroxytryptamlne  had  no  effect  on  behavior  or  on  tryptophan  hydroxylase. 
5-Hydroxy-7-chlorotryptamlne  also  had  no  effect.   These  experiments  are  being 
continued  in  an  effort  to  find  a  more  specific  depletor  of  serotonin  and 
tryptophan  hydroxylase. 
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9)  Studies  to  delineate  metabolites  of  5,6-DHT  and  5,7-DHT  through  use 
of  gas  chromatography-mass  spectrometry  as  well  as  -^  C  labelled  drug  are 
currently  in  progress. 

Significance  to  Biomedical  Research  and  Institute  Program t  5,6-DHT  and 
5,7-DHT  are  ii!q>ortant  tools  In  the  study  of  the  central  nervous  system. 
Serotonin  neurons  may  play  an  Important  role  in  behavior  and  sleep,  as 
well  as  blood  pressure  and  temperature  regulation.  They  also  may  be  pro- 
foundly Involved  in  the  development  of  the  organism  and  in  the  neuroendocrine 
axis. 

Proposed  Course  of  Project:  We  are  testing  various  agents  as  possible 
depletors  of  tryptophan  hydroxylase.  We  plan  to  continue  studies  on  the 
mechanism  of  action  of  these  agents,  and  on  their  metabolites.   Investiga- 
tions of  the  effects  of  these  agents  on  the  neuroendocrine  axis  are  being 
performed  in  collaboration  with  Dr.  Jay  Skyler. 

Honors  and  Awards:   None 

Publications : 

1.  Lovenberg,  W.  and  Victor,  S.J.:   Tryptophan  hydroxylase  in 
rat  brain:   Effect  of  5,6-  and  5,7-dihydroxytryptamine. 
Adv.  Biochem.  Psychopharmacol. ,  in  press. 

2.  Victor,  S.J.,  Baumgarten,  H.G.,  and  Lovenberg,  W. :   Depletion 
of  tryptophan  hydroxylase  by  5,6-dlhydroxytryptamine:  Time 
course  and  regional  distribution.   J.  Neurochem. ,  in  press. 
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Project  Title:   Studies  on  Tryptophan  Hydroxylase 

Previous  Serial  Number:   NHLI-86 

Principal  Investigator:   Stephen  J.  Victor,  M.D. 

Other  Investigators:  Walter  M.  Lovenberg,  Ph.D. 

Cooperating  Units:  None 

Project  Description: 

Objectives:  Tryptophan  hydroxylase  is  the  rate-limiting  enzyme  in  the 
synthesis  of  serotonin.   This  important  enzjrme  is  closely  related  to  tyrosine 
and  phenylalanine  hydroxylase  in  mechanism  of  action.   The  purification  of 
phenylalanine  hydroxylase  has  permitted  a  detailed  study  of  that  enzyme. 
The  objective  of  this  project  is  purification  of  tryptophan  hydroxylase  and 
the  subsequent  preparation  of  antibodies.   Detailed  understanding  of  this 
enzyme  is  essential  for  the  study  of  the  central  serotonergic  system.  Pre- 
viously, the  lack  of  suitable  assay  techniques  prevented  rapid  progress  on 
this  project,  however,  new  rapid  fluorometric  techniques  have  circumvented 
this  problem. 

Methods:  Tryptophan  hydroxylase  is  now  assayed  by  the  technique  described  in 
the  previous  report.  The  procedure  utilizes  the  specific  native  fluorescence 
of  the  newly  formed  5-hydroxy indoles.  For  the  purification  studies  involving 
affinity  chromatography,  tryptophan  was  coupled  to  cyanogen  bromide-activated 
Sepharose  beads  by  standard  techniques. 

Major  Findings:  Although  ninnerous  laboratories  have  attempted  to  isolate 
tryptophan  hydroxylase  from  mammalian  tissues,  none  have  reported  success  to 
date.   This  is  because  of  the  relatively  small  amount  of  enzyme  in  most 
tissues,  the  apparent  instability  of  the  enzyme  and  its  tendency  to  aggregate 
with  other  proteins  during  isolation.   In  the  past  year  we  have  developed 
techniques  to  partially  circumvent  these  problems  and  we  have  re-examined 
several  different  tissues  in  an  attempt  to  isolate  a  highly  purified  enzyme. 

1)  Rat  Brain;   Enzyme  from  this  source  has  been  partially  purified  from 
the  mesencephalic  tegmentum,  the  brain  region  having  the  greatest  concentrate r 
of  the  enzyme.   The  tissue  is  homogenized  and  the  enzjrme  obtained  from  the 
30  to  45%  saturated  ammonium  sulfate  fraction  of  the  supernatant  of  the 
homogenate.   The  enzyme  is  further  purified  by  ethanol  precipitation  (10-30%) 
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and  by  chromatography  on  Sephadex  G-100.   The  protein  Is  partially  Included 
in  the  G-100  suggesting  a  molecular  weight  between  50,000  and  100,000  daltons. 
This  enzyme  preparation  is  stable  when  frozen  in  liquid  nitrogen  and  upon 
dialysis  at  0°  against  a  solution  containing  Na"*",  K+,  Mg++,  and  Ca++.  Using 
these  techniques  an  enzyme  preparation  that  will  catalyze  the  hydroxylation 
of  tryptophan  at  a  rate  of  7  nmole/min/mg  protein  can  be  obtained.  This 
specific  activity  is  an  order  of  magnitude  greater  than  any  reported  to  date. 
However,  multiple  bands  are  still  apparent  by  disc  gel  electrophoresis. 

2)  Beef  brain  has  very  low  activity  and  no  purification  attempt  was  made. 

3)  Pig  mesencephalon  appeared  to  be  an  attractive  starting  material 
having  1/4  the  actiArlty  of  rat  but  being  many  times  larger.  This  enzyme 
exhibited  similar  characteristics  to  the  rat  brain  enzyme  in  regards  to 
purification,  but  was  less  stable. 

4)  Mouse  mast  cells  are  a  potentially  rich  source  of  tryptophan  hydroxyl- 
ase. Previous  atten^jts  at  purification  of  this  enzyme  were  not  successful 
because  of  the  tendency  of  proteins  from  these  cells  to  aggregate.  Recently 
we  have  been  successfxil  in  partially  purifying  this  enzjnne  by  affinity 
chromatography.  Following  this  step  the  protein  no  longer  appears  to  aggre- 
gate suggesting  that  this  may  be  a  good  system  to  pursue  for  Isolation  of  the 
enzyme . 

5)  Some  preliminary  studies  on  tryptophan  hydroxylase  from  carcinoid 
tumors  suggest  that  this  enzyme  can  be  purified  by  the  above  techniques,  but 
that  this  enzyme  is  a  larger  molecule  than  that  found  in  the  central  nervous 
system.   Tryptophan  hydroxylase  from  carcinoid  tumors  is  completely  excluded 
from  Sephadex  G-100. 

Significance  to  Biomedical  Research  and  Institute  Program;   Complete  under- 
standing of  the  Important  serotonergic  system  in  the  brain  requires  knowledge 
of  the  molecular  properties  of  the  enzyme  responsible  for  the  synthesis  of  the 
neurotransmitter.  The  importance  of  the  above  results  lies  in  their  own 
contribution  to  understanding  the  properties  of  tryptophan  hydroxylase,  and, 
perhaps  more  importantly,  in  providing  approaches  for  future  studies.   The 
observation  that  the  enzjrme  can  be  adsorbed  and  eluted  from  tryptophan-Sepharose 
affinity  columns  should  be  extremely  useful  in  future  studies.   The  stabilizing 
effect  of  Ca"*^  and  Mg++  during  dialysis  of  the  enzyme  is  also  of  great  impor- 
tance . 

Proposed  Course  of  Project;   The  immediate  plans  are  to  couple  the  use  of 
tryptophan-Sepharose  affinity  chromatography  with  some  of  the  classical  isola- 
tion procedures,  iising  different  sources  for  the  enzyme.  Highly  purified 
enzyme  will  be  used  to  prepare  specific  antibodies  and  do  the  definitive 
studies  on  the  kinetic  and  molecular  properties  of  the  enzyme. 

Honors  and  Awards:  None 

Publications:   Lovenberg,  W.  and  Victor,  S.J.:  Regulation  of  tryptophan 
and  tyrosine  hydroxylase.  Life  Sci. ,  in  press. 
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Project  Title:  Characterization  of  the  Carbohydrate  Moiety  of  Bovine 
Adrenal  Dopamine-6-Hydroxylase  (DBH) 

Previous  Serial  Number:  NHLI-81 
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I 

Other  Investigators:  Walter  Lovenberg,  Ph.D. 
Mark  Krantz,  Ph.D. 

Cooperating  Units:  Department  of  Biology,  Johns  Hopkins  University 

Project  Description: 

Objectives:  The  objective  of  this  project  was  to  study  the  role  of  the 
carbohydrate  moiety  in  the  structure  and  function  of  bovine  adrenal  DBH. 

Methods :  DBH  was  isolated  by  a  previously  published  procedure  and  demonstrated 
to  be  electrophoretlcally  homogeneous.  The  enzyme  was  assayed  spectrophoto- 
metrlcally  by  the  periodate  cleavage  method,  using  tyramlne  as  substrate. 
Antibodies  to  purified  enzyme  were  prepared  in  rabbits  by  standard  procedures. 
DBH  was  subjected  to  hydrolysis  by  a-mannosldase  at  pH  4.6C  at  37°C  for  24  and 
48  hr  periods.   Controls  lacking  a-mannosldase  or  DBH  were  also  run. 

Major  Findings:  We  recently  reported  (1)  that  DBH  purified  from  adrenal 
chromaffin  granules  is  a  molecule  consisting  of  four  subunlts  of  75,000  daltons 
each  and  that  the  enzyme  contains  15  to  16  residues  of  carbohydrate  per  sub- 
unit.  Mannose  and  N-acetyl  glucosamine  are  the  major  sugar  residues,  with 
significant  amounts  of  fucose,  galactose  and  sialic  acid  (1) .   Since  carbohy- 
drate analysis  showed  that  almost  half  of  the  sugar  residues  are  mannose,  it 
seemed  to  us  that  an  agent  which  reacted  specifically  with  mannose  would  be  of 
use  in  exploring  the  nature  of  the  carbohydrate  moiety  of  DBH.  Concanavalin  A 
(Con  A) ,  a  plant  lectin  that  has  been  shown  to  bind  to  glycoproteins  con- 
taining terminal  mannose  or  glucose  residues  was  chosen  for  this  purpose. 

DBH  was  found  to  Interact  strongly  with  Con  A.  At  high  concentrations,  the 
two  form  a  precipitate.  However,  when  Con  A  (1  x  10" 'M)  is  added  to  DBH 
(1  X  10"^)  in  solution,  no  change  in  activity  of  DBH  is  observed.  DBH  is 
adsorbed  to  Con  A  covalently  bound  to  Sepharose  and  can  be  eluted  with  0.5  M 
a-methyl  mannoside.   The  enzyme  is  catalytlcally  active  when  it  is  immobilized 
on  a  Con  A  Sepharose  column.  The  substrate,  tyramlne,  can  be  added  to  the 
column  and  the  product  octopamlne  recovered  in  a  continuous  flow  catalytic 
reaction.  Therefore  binding  at  the  carbohydrate  site  does  not  affect  access 
to  the  catalytic  slte(s). 
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Fretreatment  of  DBH  with  Con  A  does  not  serve  to  protect  the  enzyme  against 
Inactivation  by  antibodies  specific  for  DBH.   Enzymlc  removal  of  four  of 
seven  mannose  residues  present  in  the  monomer  does  not  result  in  the  loss  of 
any  catalytic  activity.  Finally,  a  comparison  of  the  sialic  acid  content  of 
soluble  DBH  and  DBH  solubillzed  by  detergent  treatment  of  chromaffin  granule 
membranes  shows  them  to  be  identical. 

Significance  to  Biomedical  Research  and  Institute  Program;  Dopamine-8- 
hydroxylase  catalyzes  the  final  step  in  the  synthesis  of  the  neurotransmitter 
norepinephrine.   The  enzyme  is  contained  within  the  synaptic  and  chromaffin 
granule  vesicles  and  is  released  from  the  cell  by  an  exocytotic  process  during 
nerve  stimulation.  A  complete  understanding  of  the  mechanism  by  which  syro- 
pathetlc  neurons  function  rests  in  part  on  a  knowledge  of  the  molecular  com- 
ponents.  The  findings  we  have  made  allow  us  to  draw  the  following  conclusions: 
the  carbohydrate  moiety  of  DBH  is  probably  rather  highly  branched  as  shown  by 
its  interaction  with  Con  A.  Also,  the  active  site  of  DBH  does  not  appear  to 
be  near  the  point  of  carbohydrate  attachment  on  the  enzyme  molecule,  since  the 
activity  of  DBH  remains  unaffected  during  binding  or  limited  hydrolysis  of  the 
carbohydrate  moiety.   If  the  carbohydrate  moiety  of  DBH  is  Involved  in  its 
binding  to  the  vesicular  membrane,  as  it  well  may  be,  then  its  distance  from  the 
active  site  may  be  important  in  orienting  the  active  site  away  from  the  mem- 
brane surface,  and  towards  the  inner  space  of  the  vesicle. 

Proposed  Course  of  Project:   Experiments  are  planned  to  characterize  the  amino 
acid  sequence  of  DBH  immediately  adjacent  to  the  site  of  attachment  of  the  carbo- 
hydrate side  chains  to  the  enzyme.   Information  about  the  carbohydrate  binding 
site  as  well  as  whether  the  subunlts  are  identical  may  be  obtained  in  this  way. 
Studies  on  the  shape  of  the  enzyme  while  in  the  tetrameric  and  monomeric  state 
will  be  performed  by  means  of  fluorescence  and  circular  dichroism  measurements. 
The  influence  of  the  carbohydrate  side  chains  on  the  shape  of  DBH  can  be  ex- 
plored by  means  of  Con  A  as  well  as  through  limited  carbohydrate  digestion. 
Another  Interesting  area  of  investigation  to  be  explored  is  that  of  the  membrane 
component  specific  for  DBH  binding. 

Honors  and  Awards:   None 

Publications: 

1.  Wallace,  E.F.,  Krantz,  M.J.,  and  Lovenberg,  W. :  Dopamine-6- 
hydroxylase:  A  tetrameric  glycoprotein.   Proc.  Natl.  Acad.  Sci. 
USA  70:  2253-2255,  1973. 

2.  Wallace,  E.F.,  Krantz,  M.J.,  and  Lovenberg,  W. :   The  subunit 
structure  and  carbohydrate  content  of  bovine  adrenal  dopamine-B- 
hydroxylase.   Proceedings  of  the  Symposium  on  Catecholamine  and 
Their  Enzymes  on  the  Neuropathology  of  Schizophrenia,  J.  Psychla. 
Res.  Suppl.,  in  press. 
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Project  Description: 

Objectives:     To  characterize  and  develop  procedures  for  the  measurement  of 
components  of  the  kallikrein-kinin  system.     To  establish  the  role  of  the 
kallikrein-kinin  system  in  health  and  disease. 

Methods  and  Major  Findings:     1)   Kinins  in  Urine.     A  rapid  and  sensitive 
radioimmunoassay  for  the  kinins  in  human  urine  has  been  developed.     Initial 
attempts  to  reproduce  the  method  described  in  the  literature  (Biochem.  Phanii. 
20:969,1971)  using  our  antibody  were  unsuccessful.     However,  if  the  pH  is 
altered  to  6.6,  rather  than  the  7.4  previously  used,  and  the  binding  is 
conducted  in  0.2  M  tris-lysozyme  buffer,  rather  than  0.1   M  tris-gelatin  buffer, 
more  reproducible  results  are  obtained.     In  addition,  the  method  of  separation 
of  the  bound  and  unbound  forms  of  bradykinin  by  charcoal -dextran  adsorption  is 
unsatisfactory  since  it  leads  to  significant  binding  of  the  bound  bradykinin, 
possible  by  dissociation  of  the  complex.     Separation  by  millipore  filter 
technique,   however,  proved  to  be  a  considerably  better  method.     Under  the  above 
conditions  a  minimum  of  6  hours  was  required  for  maximum  binding  and  the  antigen- 
antibody  reaction  was  at  equilibrium  after  an  overnight  incubation  at  4°.     The 
standard  curve' is  constructed  by  using  a  log-logit  transformation  and  fitting 
the  curve  by  the  least  squares  method  using  the  computer  program  of  Rodbard  and 
Frazier.     The  interassay  coefficient  of  variation  is  approximately  18%  and 
recoveries  of  added  bradykinin   (500  pg)  areg87-104%.i    Lysyl bradykinin   (kallidin), 
like  bradykinin,  also  competes  with  the  I       -bradykinin  for  the  antibody  binding 
sites  and  has  approximately  70%  of  the  potency  of  bradykinin.     Similarly, 
methionyl lysyl bradykinin  binds  to  antibody,  but  its  relative  potency  to  brady- 
kinin has  not  yet  been  determined.     The  presence  of  all   three  polypeptides  in 
human  urine  has  been  confirmed.     In  addition  a  technique  has  been  developed 
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to  separate  methionyllysylbradykinin  from  lysylbradykinin  (kallidin)  using 
siliconized  silica  gel   chromatography,  an  adsorbent  which  fails  to  adsorb 
methionyllysylbradykinin.     The  use  of  this  procedure  combined  with  the 
separation  achieved  on  CM-cellulose  will  permit  a  clear  separation  of  all 
three  polypeptides  by  column  chromatography. 

2)  Human  salivary  and  sweat  kail ikrein.     Human  sweat  kallikrein  has  been 
partially  purified  by  DEAE-cellulose  chromatography  followed  by  gel  filtration 
with  Sephadex  G-lOO  (6.48  TAME  Unit/mg  protein;  yield,  0.16%).     Appreciable 
losses  of  activity  occurred  during  the  final   step  in  the  purification.     Human 
salivary  kallikrein  from  whole  saliva  was  partially  purified  by  acetone 
precipitation,  DEAE-cellulose  chromatography  and  hydroxyapatite  chromatography 
(41.13  TAME  Unit/mg  protein,  yield,  40%).     Both  human  sweat  and  human  salivary 
kallikrein  closely  resembled  human  urinary  kallikrein  in  their  inhibition  by 
Trasylol   and  the  failure  of  soybean  trypsin  inhibitor,  ovumucoid  trypsin 
inhibitor  and  lima  bean  trypsin  inhibitor  to  affect  their  esterolytic  and 
biological   activity.     In  addition,  antibody  to  human  urinary  kallikrein 
inhibited  both  activities  and,  like  pancreatic  kallikrein,  they  formed  a 
continuous  single  precipitin  band  with  antibody  to  human  urinary  kallikrein  in 
agar  gel . 

A  new  assay  for  human  salivary  kallikrein  has  been  developed  which  is 
based  on  the  principles  outlined  in  Report  NHLI-209  (1972).     The  assay  involves 
(1)  addition  of  lima  bean  and  soybean  trynsin  inhibitors  to  inhibit  esteraeses 
other  than  kallikrein  and  (2)  the  use  of    H-tosylarginine  methyl  ester  as 
substrate.     This  radiochemical   esterolytic  as^ay  has  been  simple  to  perform 
and  normal   inidivi duals  contain  1.6-0.7  x  lO"""  TAME  Units/nl   parotid  fluid  and 
1.7-8.0  X  10"    TAME  Units/ml   submaxillary  fluid.     These  values  are  similar  to 
those  measured  by  the  bioassay  (1.2-8.3  x  10"     and  1.0-9.8  x  10"  ,  respectively) 
and  would  indicate  that  parotid  and  submaxillary  fluids  contain  approximately 
the  same  concentration  of  salivary  kallikrein.     Like  other  glandular  kallikreins, 
the  kallikreins  from  the  salivary  glands  are  inhibited  by  Trasylol  and  antibody 
to  human  urinary  kallikrein.     They  have  the  same  temperature  stability  as 
partially  purified  human  salivary  kallikrein  (stable  at  50°  for  30  minutes) 
and  the  same  pH  optima  (pH  9.0). 

3)  Catabolism  of  bradykinin  by  human  lung  and  plasma.       H-phe-8-Bradykinin 
administered  to  two  additional   subjects  via  a  catheter  placed  in  the  pulmonary 
artery  was  again  over  80%  destroyed  in  one  pass  through  the  lung.     Analysis 

of  this  plasma  for  radioactive  metabolites,  using  short  CM-Sephadex  column 
which  quickly  separated  bradykinin  from  its  metabolites,  permitted  the  isolation 
of  a  separate  fraction  containing  phe-arg.     This  fraction  contained  60-74%  of 
the  total   radioactivity  recovered.     However,  further  purification  by  paper 
electrophoresis  would  indicate  that,  this  radioactive  metabolite  may  not  be 
phe-arg,  and  may  be  an  as  yet  unidentified  metabolite. 

An  attempt  is  also  being  made  to  identify  the  urinary  metabolites  following 
infusions  of     H-phe-8-bradykinin.     Examination  of  the  urine  from  one  of  these 
patients  showed  that  the  principle  radioactive  compound  was  not  phe-arg  but  a 
getabolite  which  eluted  from  long  CM-Sephadex  columns  slightly  before  phe-arg. 
H-2-pro-bradykinin  has  been  obtained  and  purified  for  similar  experiments. 
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Significance  to  Biomedical  Research  and  Institute  Program:     Kinins  are  the 
most  potent  vasodilator  substances  known.     They  are  generated  in  plasma  and 
exocrine  glands  by  the  action  of  kallikrein  on  an  alpha-globulin  kininogen. 
Characterization  and  quantitative  measurements  of  these  components  of  the 
kinin  system  is  crucial   to  an  understanding  of  the  role  of  these  enzymes  in 
health  and  disease. 

Significant  alterations  in  urinary  kallikrein  have  been  noted  in  patients 
with  hypertension  and  In  normal   Individuals  on  various  levels  of  dietary  salt 
or  mlneralcorticoids.     It  would  appear  that  the  kallikrein-kinin  system  plays 
an  important  role  in  the  regulation  of  blood  pressure  and  in  renal  function. 

Proposed  Course  of  Project:  To  continue  the  basic  studies  on  the  characteri- 
zation and  quantitative  assay  of  components  of  the  kallikrein-kinin  system. 
To  establish  the  role  of  the  kallikrein-kinin  system  in  hypertension  and  in 
exocrine  glands  especially  kidney  and  lung.     To  identify  the  Interrelationship 
of  the  kallikrein-kinin  system  to  other  vasoactive  systems  including  the 
renin-angiotensin  system,  mi neralocorti colds  and  prostaglandins. 

Honors  and  Awards:     None 

Publications:     None 
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1.  Hypertension-Endocrine  Branch 

2.  Physiological   Chemistry 

3.  Bethesda,  Maryland 


PHS-NHLI 
Indi  vi  dual  Project  Reoort 
July  1,  1973  through  June  30,  1974 

Project  Title:     Peptide  Biochemistry 

Previous  Serial   Number:     NHLI-74 

Principal   Investigator:     John  J.  Pisano,  Ph.D. 

Other  Investigators:     Carl   L.  Zimmerman 

Ettore  Appella,  M.D. 

Cooperating  Units:     Laboratory  of  Cell  Biology,  NCI 

Project  Description: 

Objectives:   To  develop  appropriate  methodology  for  the  characterization  and 
assay  of  peptides. 

Methods:  High  pressure  liquid  chromatography  (HPLC)  has  been  used  to  senarate 
phenyl thiohydantoin  (PTH)  amino  acids  obtained  from  the  automated  and  manual 
Edman  degradation  of  peotides. 

Major  Findings:   High  pressure  liquid  chromatography  has  been  found  to  be 
superior  to  existing  methods  of  PTH-amino  acids  analysis  because  of  its  speed 
and  sensitivity.     Subnanamolar  quantities  are  routinely  analyzed  in  30  minutes 
or  less.     The  method  is  especially  suitable  in  the  analysis  of  PTH-asp,  glu, 
asn,  gin,  his  and  arg.     These  derivatives,  due  to  their  thermal   instability 
and/or  low  volatility,  are  difficult  to  analyze  by  gas  chromatogranhy. 

Resolution  is  currently  the  limiting  factor  in  the  HPLC  method.     At  ore- 
sent  it  has  not  been  possible  to  resolve  all   20  of  the  PTH  derivatives  on  a 
single  column  with  one  injection.     Hov/ever,  two  columns   (  3  m  ETH,  Dupont 
Instruments  and  25  cm  Micro-pak  C-jg,  Varian  Associates)  give  complementary 
separations  when  used  with  the  same  conditions  of  pressure,  flow  and  solvent 
program.     By  splitting  the  solvent  stream  and  Installing  a  second  UV  detector, 
it  is  possible  to  run  both  of  the  above  columns  simultaneously  in  the  Dupont 
Instrument.     This  procedure  enables  us  to  analyze  all   PTH  derivatives  with  the 
possible  exception  of  serine.     This  method  is  currently  being  used  routinely 
to  analyze  actual   unknown  PTH  samples  from  the  Beckman  Sequencer. 

Significance  to  Biomedical  Research  and  Institute  Program:     The  development 
of  improved  methods  for  the  determination  of  amino  acid  sequences  of  poly- 
peptides, will   increase  the  speed  with  which  the  structure  of  countless 
naturally  occurring  biologically  active  peptides  can  be  determined.     Better 
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Methods  for  the  characterization  of  vasoactive  peptides  can  give  us  a  clearer 
understanding  of  their  role  in  the  regulation  of  blood  pressure  or  in  other 
diseased  states. 

Proposed  Course  of  Project:     To  develop,  perfect  and  apply  new  methods  of 
analysis  for  polypeptides. 

Honors  and  Awards:     None 

Publications: 

1.  Tamura,  Z.,  Nakauima,  T. ,  Nakayama,  T. ,  et  al . :  Identification  of 
Peptides  with  l-Dimethylaminoaphthalene-5  sulfonyl  Chloride.  Anal.  Biochem., 
52.V    595-606,    (19^3). 

2.  Ziirnierman,  C.L.,  Pisano,  J. J.,  and  Appella,  E.:     Analysis  of  Amino 
Acid  Phenyl thiohydantoins  by  High  Speed  Liquid  Chromatography.  Biochem. 
Biophys.   Res.   Cotm. ,  55:     1220-1224,   (1974). 
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Serial  Number      NHLI-282 

1 .  Hypertension-Endocrine  Branch 

2.  Physiological   Chemistry 

3.  Bethesda,  Maryland 

PHS-NHLI 
Individual   Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:     Gas  Chromatography-Mass  Spectroscopy  (GC-MS)  of  Oipeptides: 

Use  in  the  Dipeptidyl  Amino  Peptidase  I   (DAP-I)  Sequencing  of 
Polypeptides 

Previous  Serial   Number:     None 

Principal   Investigator:     Henry  C.  Krutzsch,  Ph.D. 

Other  Investigators:     John  J.  Pisano,  Ph.D. 
Henry  M.  Fales,  Ph.D. 

Cooperating  Units:     Laboratory  of  Chemistry,  NHLI 

Project  Description: 

Objectives:     To  explore  and  develop  a  new  method  for  the  determination  of  the 
amino  acid  sequence  of  polypeptides.     This  method  utilizes  an  enzymatic 
dipeptidyl  amino  peptidase  I   (DAP-I)  digestion  of  the  polypeptide  followed  by 
gas  chromatography-mass  spectroscopy  (GC-MC)  to  identify  the  suitably  deriv- 
itized  di peptide  reaction  products.     The  method  offers  a  rapid,  sensitive  and 
simple  means  of  carrying  out  such  sequencing  operations. 

Methods :     The  method  generally  employed  in  the  DAP-I,  GC-MS  sequencing  of poly- 
peptides is: 

1.  Digestion  of  the  polypeptide  with  DAP-I,   followed  by  freeze-drying. 
This  procedure  generates  a  mixture  of  dipeptide  fragments.     Removal  of  the 
DAP-I  is  not  necessary. 

2.  Conversion  of  the  di peptides  to  volatile  derivatives. 

3.  Gas  chromatography-mass  spectroscopy  (GC-MS)  of  the  volatile  deriv- 
ative mixture  for  separation  and  identification  of  the  dipeptides  formed. 

4.  DAP-I  generation  of  the  overlapping  series  of  dipentides  after  a 
single  Edman  degradation  of  the  polypeptide  followed  by  2  and  3. 

5.  Analysis  of  the  original  and  overlaoping  sets  of  dioeptides  to 
arrive  at  the  amino  acid  sequence  of  the  protein. 

Major  Findings;     1)  GC  analysis  and  separation  of  volatile  dioentide  derivatives; 
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a  number  of  different  2'   and  2  nm  columns  were  tried  for  this  phase  of  the  pro- 
cedure.    A  1%  OV-1    (on  100-120  mesh  chromosorb  W)  liquid  loading  was  the  most 
satisfactory,  yielding  sharp,  symmetrical  and  reproducible  G.C.  peaks.     10 
Other  representative  liquid  phase-loading  combinations  also  tried  yielded 
slightly  to  grossly  inferior  results. 

2)  Dipeptide  derivatives:     comparison  of  silyl   and  TFAOMe  derivatives: 

a  comparison  of  these  two  possible  dipeptide  derivatives  demonstrated  that  the 
silyl   derivitization  procedure  was  clearly  superior  to  the  TFAOMe  (TFA  amide, 
methyl  ester)  derivitization  procedure.     The  silylation  method  is  quicker,  less 
cumbersome,  yields  larger  G.C.  peaks  with  better  separation  and  is  easier  to 
"read  out"  in  mass  spectral   analysis. 

3)  Enzyme  digestion  Renditions:     the  conditions  for  the  DAP-I  digestion 
conditions  of  polypeptides  have  been  largely  defined  by  other  investigators 
therefore  the  procedure  was  only  slightly  modified  to  suit  the  purposes  of  this 
research.     The  digestion  wels  carried  out  in  the  same  vessel   used  for  silylation, 
and  was  simply  freeze-driecjl  after  the  digestion  time  had  elapsed.     When  the 
silylation  reaction  was  performed,  enzyme  removal  was  found  to  be  unnecessary. 
Variations  in  digestion  time,  temperature,  pH,  rsagejits  and  amounts  of  enzyme 
units  were  investigated  to  maximize  dipeptide  yields. 

4)  Gas  chromatography-mass  spectroscopy  (GC-MS)  of  volatile  dipeptide 
derivatives:     this  procedure  was  employed  to  separate  and  identify  the 
dipeptides  produced  from  the  DAP-I  digestion  of  a  polypeptide.     In  general, 
the  silylated  dipeptide  derivative  mass  spectrum  exhibits  a  strong  peak  due  to 
central  CH-CO  bond  scission  and  a  smaller  parent  ion  peak  minus  15  (CH,). 
These  two  peaks  are  sufficient  to  identify  the  dipeptide.     Arginine,  hfstidine, 
glutamine  and  some  asparagine  contining  dipeptides  require  direct  probe 
introduction  for  mass  spectral   "visibility".     As  low  as  10  nmoles  of  DAP-I 
digested  polypeptide  is  GC-MS  "visible",  with  a  potential   for  even  lower 
amounts.     Thus  far,  over  100  silylated  dipeptides  out  of  a  possible  400  have 
been  successfully  identified.     The  technique  has  been  used  successfully  to 
sequence  six  polypeptide  unknowns,  with  up  to  sixteen  residues  was  also  success- 
fully sequenced. 

Significance  to  Biomedical   Research  and  Institute  Program:     Protein  sequence 
determination  has  played  a  useful   part  in  furthering  the  understanding  of  many 
areas  of  biochemical   research.     The  DAP-I/GC-MS  method  can  be  a  valuable  tool 
for  protein  sequence  determination,  as  it  offers  the  investigator  a  rapid, 
sensitive  and  simple  method  for  these  determinations.     Methods  presently 
available  are  both  slower  and  more  complicated.     These  investigations  have 
demonstrated  the  scope  and  utility  of  such  a  DAP-I/GC-MS  method  of  protein 
sequence  determination. 

Proposed  Course  of  Pro.iect:     Further  work  will  be  focued  on  possiblilities  for 
further  increases  in  sensitivity.     In  addition,  the  use  of  other  DAP-type 
enzymes  which  are  not  blocked  by  proline  residues  or  amino  terminus  arginine 
or  lysine  residues   (as  is  the  DAP-I  enzyme  used  in  the  work  described  above) 
will  be  investigated. 
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Individual  Project  Report 

July  1,   1973  through  June  30,   1974 

Project  Title:     The  Role  of  Prostaglandins  in  the  Vascular  System 

Previous  Serial   Number:     NHLI-78 

Principal   Investigator:     Lauren  M.  Cagen,  Ph.D. 

Other  Investigators:     John  J.  Pisano,  Ph.D. 
Henry  M.   Fales,  Ph.D. 

Cooperating  Units:     None 

Project  Description: 

Objectives:  To  determine  the  structure  of  metabolites  of  prostaglandin  A 
(PGA)  formed  in  blood  and  to  assess  the  significance  of  PGA  and  its  metabolites 
as  humoral  vasoactive  agents. 

Major  Findings:  It  had  been  thought  that  PGA  is  not  susceptible  to  inactivation 
In  circulating  human  blood  because  of  the  absence  in  human  plasma  of  the  PGA 
isomerase  present  in  the  plasma  of  several  other  species  and  because  of  the 
relative  insensltivlty  of  this  compound  to  oxidation  by  PG-15-dehydrogenase  in 
the  lung.  However  Smith  et  al.  (The  Pharmacologist,  1_5,  208  (1973)  reported 
last  year  that  PGA,  is  converted  to  a  polar  form  by  human  red  blood  cells. 
We  have  explored  this  finding. 

1)  Whole  human  blood,  suspensions  of  saline-washed  red  blood  cells,  and 
the  high  speed  supernatant  of  lyzed  red  blood  cells  convert  PGA,  to  a  form 
unextractable  with  organic  solvents.  Under  these  conditions  PGt,  and  PGR-jq 
undergo  no  apparent  alteration.  PGA,  is  stable  to  Incubation  with  plasma  or 
with  suspensions  of  red  cell  ghosts.  The  activity  of  lyzed  red  cell  supernatants 
is  lost  during  dialysis  and  by  ammonium  sulfate  precipitation. 

2)  At  concentrations  below  1  |jg/ml ,  t,  .^  ^o""  ^^^   disappearance  of  PGA-, 
from  whole  human  blood  at  37°  is  less  than  iu  minutes.  Metabolite  accumulates 
in  the  supernatant  during  these  incubations. 

o 

3)  In  larger  scale  experiments,  PGA,,  supplemented  with  H  -PGA,  is  incubated 
at  37°  with  tris-saline  suspensions  of  saline  washed  red  cells  derived  from 
freshly  drawn  human  blood.  After  90  minutes  the  cells  are  centrifuged  and 
washed  with  buffer.  The  combined  supernatants  are  acidified  with  HCOOH  and 
extracted  with  ethyl  acetate.  The  aqueous  phase  containing  about  40%  of  the 
starting  counts  is  desalted  on  a  column  of  Amberlite  XAD-2  and  chromatographed 

in  n-butanol /acetic  acid  on  a  cellulose  thin-layer  plate.  In  this  system 

7^/ 


NHLI-283 
PGAi  migrates  with  the  solvent  front  but  the  metabolite  has  an  R-  of  0.65.  There 
is  little  or  no  radioactive  material  at  the  solvent  front.     Additional 
separation  from  UV-absorbing  material   can  be  obtained  by  high  pressure  anion 
exchange  chromatography.     Metabolite  can  also  be  recovered  from  the  centrifuged 
red  cells  after  hemolysis  and  extraction  with  methanol. 

4)  Samples  are  prepared  for  gas  chromatography  by  treatment  with  CH2N2 
and  the  silylating  agent  BSTFA  or  with  BSTEA  alone.     A  6  ft  column  of  1%  OV-17, 
and  a  temperature" program  from  100°  to  300°  are  usually  employed.     Two  major 
peaks  are  observed  eluting  at  220°  and  235°  respectively.     The  more  volatile 
material   is  shown  by  mass  spectrometry  to  be  PGA,  methyl  ester,  TMSi  ether. 
Since  liquid  chromatography  does  not  reveal  the  i^resence  of  any  residual 
starting  material   in  the  sample,  the  PGA,  must  be  complexed  to  a  polar  moiety 
and  be  released  during  gas  chromatography.     The  second  peak  is  composed  of  two 
substances  which  correspond  to  di-TMSi  and  tri-TMSi  derivatives  of  a  modified 
prostaglandin  methyl  ester.     This  prostaglandin  is  identified  as  ll-mercapto-9, 
15-dihydroxyprost-13-enoic  acid  by  analysis  of  the  mass  spectra  of  its 
derivatives  and  by  comparison  with  the  mass  spectrum  of  synthetic  material 
prepared  by  reaction  of  PGA,  with  H^S  and  NaBH. 

5)  Glutathione  which  is  present  in  high  concentrations  in  red  blood  cells, 
adds  rapidly  and  nonenzymically  to  PGA,   in  aqueous  buffer  at  37°  to  form  a 
nonextractable,  polar  derivative.     Aftir  reduction  with  NaBH^  this  derivative 
has  the  same  mobility  on  TLC  as  the  PGA^  metabolite. 

6)  The  following  sequence  of  events  may  be  postulated.     When  PGA,   is  added 
to  red  blood  cells  it  is  rapidly  converted  to  a  polar  form  by  the  MicPiael 
addition  of  glutathione.     The  adduct  is  in  part  reduced  to  the  9-hydroxy  form  by 
PG  9-ketoreductase.     The  mixture  of  reduced  and  unreduced  Michael  adducts  is 
released  into  the  supernatant.     During  gas  chromatography  the  latter  material 
undergoes  a  retro-Michael  reaction  (very  favorable  in  11  substituted  9-keto- 
prostaglandins)  to  regenerate  PGA,.     The  reduced  adduct,  however,  is  incapable 
of  cleaving  in  this  way  and  fragments  instead  in  the  opposite  direction  to 
generate  the  observed  11-mercapto  PGF.     This  form  of  cleavage  is  common  for 
mercapturic  acids  of  similar  structure. 

Significance  to  Biomedical  Research  and  Institute  Program:     PGA  has  been 
postulated  to  be  a  circulating  vasoactive  hormone.     However  considerable 
controversy  has  developed  over  the  actual   levels  of  PGA  achieved  in  plasma. 
The  presence  of  previously  unsuspected  adducts  and  reduced  forms  of  PGA 
presents  a  possible  explanation  for  the  variation  in  measured  plasma  levels  of 
this  compound.     Measurement  of  the  levels  in  plasma  and  urine  of  these  new  PG 
species  could  provide  an  important  clue  to  the  significance  of  PGA  in  human 
physiology. 

Proposed  Course  of  Project:     1)  The  remaining  ambiguities  in  the  structure  of 
PG  metabolites  will  be  resolved  by  further  characterization.     Most  importantly, 
the  metabolite  will   be  further  purified  by  HPLC  and  the  identity  of  the 
thioether  moiety  established  by  amino  acid  analysis. 
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2)  The  enzymatic  basis  for  the  reduction  of  the  9-keto  group  will  be 
explored.     The  enzyme  will   be  characterized  with  respect  to  specificity, 
cof actors,  and  presence  in  other  tissues. 

3)  The  biological   activity  of  the  metabolites  will  be  examined  in 
collaboration  with  other  members  of  this  laboratory. 

4)  Physiological   levels  of  PGA  adduct  will  be  estimated.     PGA  in  the 
9-keto-ll   thioether  form  can  be  converted  by  alkali   to  PGB  for  which  a 
radioimmunoassay  already  exists  in  this  laboratory.     New  assays  will   be 
developed  for  the  9-hydroxy  and  9-hydroxy-ll-mercapto  prostaglandins  if 
necessary. 

Honors  and  Awards:  None 

i 

Publications:  None 
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Individual  Project  Report 

July  1,  1973  through  June  30,   1974 

Project  Title:     Biochemistry  of  the  Kallikrein  Kininogen  Kinin  System 

Previous  Serial  Number:     NHLI-77 

Principal   Investigator:     Jack  V.  Pierce,  Ph.D. 

Other  Investigators:     Jorge  A.  Guimaraes,  Ph.D. 

Cooperating  Units:     None 

Project  Description: 

Objectives:     Purification  of  glandular  kallikrein  and  components  of  the  plasma 
kinin  system  for  characterization  purposes  and  for  production  of  specific  anti- 
serums.    Preparation  of  purified  specific  antibodies  for  biochemical   and  chemical 
studies.     Preparation  of  affinity  adsorbents  from  purified  antibodies  and 
antigen  for  purification  and  other  purposes,  such  as  devising  specific  bio- 
chemical and  radioimmunochemical  assays.     Applications  of  these  purified 
proteins,  affinity  adsorbents,  and  assay  methods  to  studies  of  human  disease 
states,  such  as  hypertension. 

Major  Findings:     1)  Human  Plasma  Kallikrein  and  Prekallikrein.     Using  the  scheme 
outlined  in  the  two  previous  reports  (Serial  Nos.  NHLI-214  and  77)  and  a  further 
step  to  remove  IgG  by  affinity  chromatography  on  a  column  of  immobilized  sheep 
anti-IgG,  we  have  obtained  from  2  liters  of  human  plasma  a  kallikrein  prepara- 
tion which  appears  to  be  near  ultimate  purity.     Unfortunately,  spontaneous 
conversion  of  inactive  to  active  enzyme  has  occurred.     The  approximate  amounts 
of  free  human  plasma  kallikrein  in  the  three  successive  fractions-DEAE- 
cellulose  filtrate,  arginine-agarose  eluate,  and  anti-IgG-agarose  filtrate  - 
were  2,  10,  and  90%,  respectively.     Nevertheless,  the  final  preparation  of 
nearly  pure  plasma  kallikrein  has  been  useful   for  comparison  with  the  action 
of  other  kininogenases  on  the  different  highly  purified  human  plasma  kininogens 
described  below. 

2)  Human  Plasma  Kininogens.     A  useful   first  step  in  the  purification  of 
human  plasma  kininogens  consists  in  diluting  ACD  human  plasma  with  four  volumes 
of  0.01%  Polybrene  in  water;  stirring  for  one  hour  at  room  temperature  and 
pH  6.0  with  50  g  of  DEAE-cellulose   (Whatman  DE-23;   0.71  mequiv/g)  per  liter  of 
plasma;   filtering;   and  eluting  the  washed  adsorbent  with  0.5  M  sodium  phosphate, 
pH  6.0,  or  0.40  M  Tris-HCl,  pH  6.0.     The  eluate,  called  Prep  A,  is  very  stable, 
about  10-fold  purified  in  95%  yield,  and  entirely  free  of  prekallikrein.     High- 
capacity  DEAE-cellulose  (1  mequiv/g)  chromatograohy  of  Prep  A  from  pooled  plasma, 
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using  a  phosphate  gradient,  gave  four  activity  peaks,  Al ,  A2,  A3,  and  A4  in 
yields  of  5,  55,  25,  and  15%,  respectively.     The  same  profile  was  obtained  with 
Prep  A  from  an  individual   plasma,     Rechromatography  of  each  of  the  four  peaks 
gave  single  peaks  of  activity  in  the  same  place  of  the  gradient  as  found 
originally. 

Affinity  chromatography  of  Prep  A  on  imnobilized  antibody  to  low  molecular 
weight  kininogen  and  elution  with  8  M  guanidine  hydrochloride  gave  a  highly 
purified  kininogen  fraction,  called  Prep  B.     This  stable  fraction  was  entirely 
free  of  kininases,  kininogenases,  and  plasma  inhibitors  for  human  plasma  kalli- 
krein,  human  urinary  kallikrein,  and  bovine  trypsin.     Phosphate  gradient  elution 
chromatography  of  Prep  B  on  high-capacity  DEAE-cellulose  gave  an  activity 
profile  similar  to  that  obtained  with  Prep  A;  however,  in  this  case,  the 
activity  and  protein  curves  were  nearly  coincident.     The  peaks  were  called 
Bl,  B2,  B3.1,  B3.2,  and  B4  (the  peak  corresponding  to  A3  suggested  the  presence 
of  two  components,  and  was  divided  accordingly). 

Gel  filtration  of  each  of  the  five  B  peaks  gave  2  or  3  peaks  with  nominal 
molecular  weights  of  80,000  (called  o),  150,000  (called  p),  and  225,000 
(called  y).     the  relative  amounts  of  the  3  forms  in  each  peak,  as  well  as  the 
relative  amounts  of  the  B  peaks,  are  shown  in  the  following  table: 


%  of 

Peak 

Total 

ct:p:'Y 

Bl 

3 

93:  7:  0 

B2 

37 

96:  4:  0 

B3.1 

14 

61:39:  0 

B3.2 

25 

46:54:  0 

B4 

21 

4:59:37 

B 

100 

59:33:  8 

Electrophoresis  in  7%  polyacryl amide  disc  gels  of  each  of  the  gel   filtration 
peaks  showed  the  5o  forms  to  have  slightly  different  mobilities  with  R^'s 
of  about  0.5,  whereas  the  p  forms  had  R-:'s  of  about  0.3  and  the  ^Y  form,  an 
Rf  of  about  0.25.     All   of  the  a  forms  and  the  one  'Y  form  appeared  as  doublets, 
while  B4p  appeared  as  triplet.     B2p,  B3,  B3.ip,  and  B3.2^  appeared  as  single 
bands. 

Gel   filtration  of  A2  and  A4  gave  broader  peaks  of  activity  than  found 
for  the  B  peaks  of  the  same  gel   column  and  in  the  same  buffer,  with  mean 
molecular  weights  of  68,000  and  165,000,   respectively.     Although  the  several 
molecular  weight  forms  found  in  the  B  peaks  may  arise  from  the  8  M  guanidine 
treatment  in  the  affinity  chromatographic  step,  the  different  proportions  of 
the  3  forms  in  these  peaks  (see  table  above)  is  evidence  against  such  a 
possibility.     Nevertheless,  it  will   be  necessary  to  devise  critical  experiments 
to  test  this  hypothesis. 

Direct  Bioassay  of  Kallikrein  in  Human  Urine.     Preliminary  experiments 
indicate  that  the  kallikrein  in  as  little  as  25  ul   of  human  urine  can  be 
quantitated  by  incubating  a  diluted  urine  sample  with  highly  purified  human 
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plasma  kininogens,  such  as  B2a  or  Prep  B,  and  measuring  the  kinin  released 
with  the  guinea  pig  ileum.     The  sensitivity  of  this  method  would  be  about  the 
same  as  that  of  the  tritiated  TAME  assay  method.     The  chief  advantage  of  the 
former  over  the  latter  procedure  would  be  its  specificity  for  kininogenases, 
in  this  case  for  urinary  kallikrein. 

Significance  to  Biomedical  Research  and  Institute  Program:     The  purification 
of  the  components  of  the  plasma  kallikrein  system  is  crucial  to  investigations 
of  its  physiological   function(s).     This  system  is  activated  simultaneously  with 
the  blood  coagulation  and  lysis  system:     Factor  XII   (Hageman  Factor)  of  the 
latter  appears  to  be  an  integral   part  of  the  former.     There  are  a  number  of 
observations  implicating  the  kallikrein  system  in  inflammation,  pain,  immune 
reactions,  the  carcinoid  syndrome,  arthritides  of  various  etiologies,  and 
hereditary  angioedema. 

Proposed  Course  of  Project:     Human  Plasma  Kallikrein.     We  plan  to  try  again 
to  isolate  pure  plasma  prekallikrein  free  of  active  enzyme,  perhaps  starting 
with  the  filtrate  from  kininoqen  Prep  A. 

Human  Plasma  Kininogens.     We  plan  to  resolve  Prep  B  into  the  a,  p,  and 
*/  forms  by  gel   filtration  before  rather  than  after  DEAE-cellulose  chromato- 
graphy, for  the  obvious  reasons  that  only  4  instead  of  6  columns  will  be 
required  and  that  new  information  will   be  obtained.     To  test  the  hypothesis 
that  some  of  the  different  molecular  weight  forms  are  artifactual,  we  intend 
to  treat  them  with  8-M  guanidine  hydrochloride,  then  gel  filter  the  dialyzed 
product  as  before;  as  well   as  to  gel   filter  several  of  the  forms  in  the 
presence  of  6  M  guanidine  hydrochloride. 

Attempts  to  obtain  all  of  the  several   kininogen  types  in  homogeneous 
form  will   be  made,  followed  by  comparative  biological   and  chemical   studies: 
treatment  with  enzymes  such  as  kininogenases,  neuraminidase,  carboxypeptidase 
B;  total  and  end  group  amino  acid  analyses;  reduction  and  alkylation;  etc. 

Human  Urinary  Kallikrein.     Details  of  the  bioassay  method  to  quantitate 
kallikrein  in  small   volumes  of  human  urine  will   be  worked  out. 

Honors  and  Awards:     None 

Publications: 

1.  Nustad,  K.,  and  Pierce,  J.V.     Purification  of  rat  urinary  kallikreins 
and  their  specific  antibody.     Biochemistry  (in  press). 

2.  Loeffler,  L.J.,  and  Pierce,  J.V.     Radioiimunoassay  for  lyserside  (LSD) 
in  illicit  drugs  and  biological   fluids.     J.   Phann.  Sci .  62:  1817-1820,  1973. 

3.  Webster,  M.E.,  Beaven,  V.H.,  Naoai ,  Y.,  Oh-ishi,  S.  and  Pierce,  J.V. 
Interaction  of  Hageman  Factor,  Prekallikrein  activator  and  plasmin.     Life  Sci. 
13:   1201-1210,   1973. 
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Project  Description: 

Objectives;     SRS-A  (slow  reacting  substance  of  anaphylaxis)  is  released  from 
passively,  sensitized  human  lung  by  addition  of  specific  antigen  and  has  been 
proposed  as  a  mediator  of  bronchial  asthma.     This  vasoactive  substance,  first 
described  in  1940,  has  not  yet  been  purified  and  its  chemical   structure  re- 
mains unknown.     The  objective  of  the  present  research  is  to  isolate  SRS-A 
and  determine  its  structure. 


Hunan  lung  fragments  (50-100  mg)  were  passively  sensitized  with  rag- 
>era,  washed  free  of  serum  proteins,  and  incubated  for  10  min  at  37 


Methods: 

weed  antisera, 

with  excess  antigen  E.     The  reaction  was  terminated  by  removal  of  the  tissue. 

The  activity  of  SRS-A  was  determined  by  bioassay  using  the  isolated  guinea 

pig  ileum  in  the  presence  of  atropine  and  triprolidine. 


Major  Findings:     Our  initial   attempts  to  purify  human  SRS-A  by  ethanol  ex- 
traction, base  hydrolysis,  and  chromatography  on  Amberlite  XAD-2  as  described 
by  Orange  and  co-workers  for  rat  SRS-A  (J.   Immunol.     110:     760,  1973)  resulted 
in  substantial   losses  of  activity.     Only  15-33%  of  the  original   activity  could 
be  recovered  from  the  XAD-2  and  an  additional   7-19%  was  found  in  the  filtrate 
from  these  columns.     The  lability  of  SRS-A  is  well   documented  in  the  literature 
and  has  been  attributed  to  autocatalysis,  susceptibilty  to  oxidation  or  sensi- 
tivity to  light.     The  activity  in  the  crude  ethanol  extracts  was  stable  when 
exposed  to  air  or  to  ultraviolet  light.     However,  after  elution  from  XAD-2,  the 
activity,  although  still   stable  to  air,  was  almost  completely  destroyed  (85%) 
by  exposure  to  ultraviolet  light  for  20  min.     A  number  of  substances  were 
tested  for  their  abiltiy  to  protect  SRS-A  from  this  destruction.     The  most 
effective  of  these  compounds  (tyramine  at  0.5  mg/ml )  protected  the  compound 
almost  completely  (70%).     In  all   subsequent  purification  procedures,  tyramine  was 
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added  to  the  eluting  or  suspending  solutions  and  the  fractions  were  protected 
from  exposure  to  light. 

Under  these  conditions,  the  SRS-A  activity  in  the  crude  ethanol  ex- 
tracts could  be  divided  into  two  equally  active  fractions  by  chromatography  on 
XAD-2,  a  fraction  which  absorbed  and  eluted  from  the  column  (XE)  and  one  which 
did  not  (XH).     Reapplication  of  both  of  these  fractions  to  a  second  XAD-2 
column  resulted  in  some  loss  of  activity  (33-50%)  but  showed  that  80%  of  the 
recovered  material  could  be  located  in  the  same  place  as  found  originally. 
These  data  suggest  that  at  least  two  forms  of  SRS-A,  in  approximately  equal 
concentrations,  were  present  in  the  original   incubation  medium. 

Both  of  these  fractions  were  further  purified  by  chromatography  on  silicic 
acid  and  again  the  activity  divided  into  two  main  fractions  -  a  fraction  (65%) 
with  eluted  from  the  column  in  butanol  and  a  fraction  (35%)  which  eluted 
with  ethanol:   ammonia   :  water  (6:3:1  v/v).     The  further  purification  of  these 
active  fractions  by  chromatography  on  DEAE-cellulose  is  currently  being 
investigated. 

These  preliminary  results  would  suggest  that  human  SRS-A  represents  a 
family  of  compounds.     Alternatively,  they  might  suggest  that  SRS-A  1s  bound  to 
other  compounds  which  differ  in  charge  and  mobility.     This  latter  possibility, 
however,  would  appear  to  be  unlikely  since  the  ethanol  extracts  had  been  sub- 
jected to  base  hydrolysis.     Human  SRS-A' s  differ  significantly  from  those  pre- 
viously purified  from  the  rat,  cat  and  guinea  pig.     For  example,  rat  SRS-A  was 
completely  adsorbed  to  Amberlite  XAD-2  and  eluted  on  silicic  acid  chromatography 
only  with  ethanol:  ammonia:  water.     SRA-A        and  SRA-A^'P*   (Chakravarty,  Acta 
Physiol.  Scnad.  48:     146,   1960;  Strandberg  and  Uvnas,  Acta  Physiol.  Scand. 
82:     358,  1974)  have  been  reported  to  be  soluble  in  ether.     None  of  the  human 
SRS-A's  could  be  extracted  with  ether,  even  when  the  solution  was  acidified. 

The  SRS-A's  have  been  classed  as  acidic  lipids.     However,  our  preliminary 
evidence  would  indicate  that  they  cannot  be  readily  placed  in  any  specific 
lipid  class.     They  probably  are  not  polypeptides  as  their  activity  was  not 
destroyed  by  incubation  with  proteolytic  enzymes   (pronase  and  nagarse).     Their 
sensitivity  to  light  would  indicate  unsaturated  bonds  as  proposed  by  others, 
but  no  evidence  for  a  carboxylic  acid  group  has  yet  been  found. 

Significance  to  Biomedical   Research  and  Institute  Program:     For  three  decades 
SRS-A  has  been  proposed  as  a  mediator  of  bronchial  asthma.     The  purification 
of  SRS-A  and  determination  of  its  structure  should  greatly  aid  the  development 
of  antagonists  for  this  vasoactive  substance.     These  antagonists  when  combined 
with  antihistaminics  might  be  effective  in  controlling  the  symptoms  of  this 
di  sease . 

Proposed  Course  of  Project:     Efforts  wil  be  continued  to  devise  methods  for 
the  purification  of  human  SRS-A's  and  studies  will  be  initiated  to  determine 
their  structure. 

Honors :     None 
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Awards :     None 

Publications:     None 
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Objectives:     The  passive  sensitization  of  human  lung  fragments  as  first 
described  by  Parish  (Nature  215:   738,  1967)  provided  a  laboratory  model   for 
the  study  of  allergic  asthma  in  man  and  permits  inve  tigation  of  the  role  of 
mediators  in  this  immediate-type  allergy.     The  purpose  of  this  study  is  to 
identify  mediators  released  from  human  lung  during  sensitization;  to  determine 
the  mechanism  of  their  release;  to  identify  inhibitors  of  their  release  and 
to  assess  the  role  of  pharmacological   compounds  used  in  the  treatment  of 
allergy. 

Methods :     Hunan  lung  obtained  during  surgery  is  cut  into  fragments  (50-100  mg 
wet  weight),  sensitized  with  sera  obtained  from  individuals  allergic  to  rag- 
weed, washed  free  of  serum  proteins  and  incubated  with  a  purified  preparation  of 
antigen  E  (6-600  ng).     Release  of  histamine  and  arginine  esterase  in  the  in- 
cubation medium  was  determined  by  sensitive  radiochemical  assays  developed  in 
this  laboratory  (Beaven  et  al.,  Clin.  Chem.  Acta  37:   91,  1972;  Beaven  et  al . , 
Clin.  Chem.  Acta  32:   a,  L(&L). 

Maior  Findings:     Previous  findings   (NHLI-76  (c))  had  shown  that  arginine 
esterzse  activity,  in  addition  to  histamine,  was  released  from  the  sensitized 
tissue  on  the  addition  of  specific  antigen.     Hov;ever,  considerable  variation  was 
encounterec  in  the  release  of  these  substances  from  each  lung  tissue  using  the 
standard  conditions  previously  described.     An  investigation  of  the  conditions 
necessary  for  optimal   release  has  shown  that  the  ainount  of  antigen  E  necessary 
to  effect  maximal   release  varies  with  each  tissue.     Initial   studies  indicated 
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that  increasing  the  antigen  E  concentration  to  levels  greater  (250-fold)  than 
that  required  for  maximal   release,  does  not  show  appreciable  inhibition  of  the 
release  of  either  activity.     However,  to  assess  factors  influencing  the  re- 
lease of  mediators,  each  sensitized  lung  tissue  is  first  tested  with  varying 
antigen  E  concentrations  (6  to  600  ng)  and  the  concentration  required  to  re- 
lease 40-75%  of  the  activity  determined. 

Under  these  conditions,  the  size  of  the  piece  of  lung  tissue  influences 
the  release  of  mediators.     The  release  of  both  histamine  and  arginine 
esterase  activity  was  the  same  for  small  pieces  of  lung  tissue  (50-100  mg)  but 
was  substantially  lower  for  pieces  weighing  200  mg  or  more.     The  reason  for 
this  suppression  is  unknown.     The  inhibition  is  unlikely  to  be  due  to  insuf- 
ficient amounts  of  antibody  or  antigen  E,  and  it  may  be  that  the  large  pieces 
of  tissue  inhibit  uptake  or  the  release  mechanism.     Alternatively  they  may 
more  effectively  readsorb  or  metabolize  released  histamine.     For  this  reason 
the  results  are  reported  as  amount  released  per  tissue  rather  than  %  histamine 
released  as  used  by  others. 

Under  these  controlled  conditions,  both  histamine  and  arginine  esterase 
are  released  to  a  similar  extent  and  over  the  same  time-course.     Maximum 
histamine  release  no  longer  occurs  within  3-5  min  as  reported  by  others  and 
found  in  our  earlier  experiments.     Both  arginine  esterase  and  histamine,  after 
an  initial   lag  of  1  min,  continued  to  be  released  over  a  30  min  incubation 
period.     There  was  no  evidence  of  a  second  peak  of  arginine  esterase  activity 
as  found  in  our  earlier  experiments.     There  was,  however,  differences  in  the 
two  substances.     For  example,  in  the  absence  of  antigen  E  significant  amounts 
of  arginine  esterase  activity  but  only  traces  of  histamine  were  released.     Also, 
sensitization  with  relatively  high  (1:  2.5)  dilutions  of  antisera  appeared  to 
inhibit  the  release  of  arginine  esterase  activity  but  not  histamine.     However, 
the  possibiltiy  exists  that  the  antiserum  contained  an  inhibitor  of  the 
arginine  esterase. 

These  experiments  clearly  demonstrated  that  the  addition  of  specific 
antigen  to  passively  sensitized  human  lung  tissue  induces  the  release  of 
arginine  esterase  activity  in  addition  to  histamine.     However,  the  role  of  this 
arginine-esterase  in  antigen  antibody  reactions  is  still   not  clear.     Previous 
results  (Jonasson  and  Becker,  J.  Exp.  Med.   123:     509,  1966;  Abe  et  al., 
Experientia  23:  626,   1967)  had  suggested  that  a  kallikrein  might  be  released 
from  sensitized  lung  tissue  during  anaphylaxis.     However,  we  have  obtained  no 
evidence  that  the  arginine  esterase  is  itself  a  mediator  or  either  a  kallikrein 
or  an  activator  of  plasma  kallikrein.     Partially  purified  arginine  esterase  did 
not  contract  the  guinea  pig  ileum  nor  did  it  release  a  contracting  substance 
when  plasma  was  added  to  the  bath. 

In  addition,  the  arginine  esterase  might  be  the  DFP-inhibitable  esterase 
proposed  by  others   (Kaliner  and  Austen,  J.  Exp.  Med.  138:   1077,  1973)  whose 
activation  is  thought  to  precede  histamine  release.     A  number  of  inhibitors 
(poly-L-lysine,  EACA-hexyl ,  PTI,  TLCK,  t-AMCHA-hexyl ,  ovomucoid  t-AMCHA,  DFP, 
spermine,  EACA  (epsi Ion-ami nocaproic  acid)  and  NaCl )  have  been  found  to  inhibit 
the  arginine  esterase  activity  using  TAMe  as  the  substrate.     These  inhibitors 
inhibit  50%  of  the  TAMe  esterolytic  activity  at  concentrations  varying  from 
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90  nM  for  poly-L-lyslne,  to  118  mM  for  NaCl ,  and  their  ability  to  inhibit 
the  release  of  histamine  from  sensitized  human  lung  tissue  is  currently  being 
investigated.     Three  of  these  inhibitors   (DFP,  EACA  and  NaCl)  have  been  shown 
by  others  to  inhibit  the  release  of  histamine  from  either  human  or  guinea 
pig  lung  tissue  at  a  concentration  which  was  similar  to  that  found  by  us  to 
inhibit  the  TAMe  esterolytic  activity.     However,  the  concentrations  required 
(2  mM,  20  mM  and  118  mM,  respectively)  are  so  high  that  the  specificity  of 
their  inhibition  must  be  questioned.     Further  studies  will   be  required  before 
the  identity  of  the  DFP-inhibitable  serine  esterase  and  the  arginine  esterase 
can  be  suggested. 

Continued  investigation  on  the  effects  of  bradykinin  on  isolated  human 
bronchi   has  shown  that  the  response  of  these  tissues  to  bradykinin  varies 
with  each  tissue.     Although  others  (Bhoola  et  al . ,  Brit.  J.  Pharm.  19:     90, 
1962;  Simonsson  et  al . ,  Respiration  30;     378,  1973)  have  reported  that  brady- 
kinin either  does  not  contract  or  weakly  contracts  the  human  bronchus,  in  our 
hands  bradykinin  induced  either  contractions  or  relaxations  denending  upon 
the  particular  bronchus.     Out  of  8  tissues  tested,  the  addition  of  bradykinin 
(  10  ug/ml )  caused  relaxation  in  4  tissues  and  contractions  in  4  tissues. 
Histamine  (100-400  ng/ml)  induced  contractions  in  all  8  tissues.     These 
results  are  reminiscent  of  those  found  for  effects  of  bradykinin  on  isolated 
guinea-pig  tracheal  muscle  (lorio  and  Constantine,  J.   Pharmacol.  Exp.   Therap. 
160:     264,  1969).     In  these  studies,  repeated  exposure  to  bradykinin  changed 
the  contractile  response  of  the  trachea  to  relaxation.     In  our  hands,  this 
occurred  in  only  one  human  bronchus,  the  remaining  three  human  bronchi  con- 
tinued to  contract  over  a  3  to  6  hr  period.     Attempts  to  quantitate  the  con- 
tractile response  have  been  unsuccessful   due  to  a  decrease  in  the  heighth  of 
the  contraction  with  repeated  addition  of  the  same  concentration  of  bradykinin, 
a  reaction  which  occurs  despite  an  increased  sensitivity  of  the  tissue  to  his- 
tamine.    Bradykinin-induced  contractions  and  relaxations  of  guinea-nig  tracheal 
muscle  appeared  to  be  related  to  low  and  high  tissue  tone,  but  no  such  relation- 
ship could  be  detected  with  human  bronchi.     It  is  suggested  that  both  the  con- 
tractions and  relaxations  elicited  by  bradykinin  are  due  to  the  release  of 
secondary  substances  from  the  human  bronchi  which  in  turn  induce  either  con- 
traction or  relaxation.     For  examole,  the  bradykinin-induced  relaxation  of 
guinea  pig  tracheal   smooth  muscle  can  be  selectively  and  reversibly  inhibited 
by  phenylbutazone,  a  substance  known  to  inhibit  prostaglandin  synthesis.     It 
may  well   be  that  relaxation  of  human  bronchi  by  bradykinin  could  be  due  to  syn- 
thesis.    It  may  well   be  that  relaxation  of  human  bronchi  by  bradykinin  could  be 
due  to  synthesis  of  prostaglandin  E  compounds.     Alternatively,  the  bradykinin- 
induded  contractions^  could  be  doe  to  release  of  prostaglandin  F  compounds  or 
possibly  histamine.     Further  studies  will  be  required  to  determine  the  mechanism 
by  which  bradykinin  induces  these  resoonses. 

Significance  to  Biomedical   Research  and  Institute  Program:     The  identification 
of  mediators  released  from  passively  sensitized  human  lung  by  antigen-antibody 
reaction  coupled  with  an  investigation  of  the  mechanism  of  their  release  and 
the  compounds  which  inhibit  release  or  block  their  action,  should  provide  a 
rationale   for  the  development  of  therapeutic  agents  for  bronchial  asthma. 
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Proposed  Course  of  Project:     Continued  investigation  into  the  mechanism  of 
release  of  histamine  and  arginine  esterase  by  antigen-antibody  reactions. 
Attempts  win  be  made  to  assess  the  role  to  some  oharmacoloqical   comoounds 
now  currently  used  in  the  treatment  of  allergy  and  to  develop  new  compounds 
which  will  either  inhibit  release  or  inhibit  the  oarmacological   actions  of  the 
mediators. 

Honors  and  Awards :     None 

Publications: 

1.  Webster,  M.E.,  Newbell,  H.H.,  Oh-ishi,  S.,  Takahashi,  H.,  Horakova, 
Z.,  Atkins,  F.L.  and  Beaven,  M.A.:     Release  of  histamine  and  arginine 
esterase  activity  from  passively  sensitized  human  lung  by  ragweed  antigen, 
Cience  e  Cultura  (in  press). 

2.  Webster,  M.E.,  Maling,  H.M.,  and  Zweig,  M.H.:     Evidence  for  kinins, 
histamine  and  complement  as  mediators  of  the  inflammatory  resoonse.     In  Peeters, 
H.   (Ed.)  Protides  of  the  Biological   Fluids  -  20th  Colloquium,  Pergamon  Press, 
New  York,  371-377,  1973. 

3.  Webster,  M.E.:     Section  3.1,  Bioassay;  Chapter  12,  Kinins.     h^ 
Berson,  S.A.  and  Yalow,  R.A.   (eds.)  Methods  in  Investigative  and  Diagnostic 
Endocrinology.  Peptide  Hormones,  North-Holland  Publishing  Co.,  1199-1208, 
T97I: 

4.  Webster,  M.E.,  Beaven,  B.H.,  Nagai ,  Y.,  Oh-ishi,  S.  and  Pierce,  J.V: 
Interaction  of  Haeman  factor,  prekallikrein  activator  and  plasmin.  Life 
Sciences,  13:     1201-1210,  1973. 

5.  Oh-ishi,  S.  and  Webster,  M.E.:     Vascular  permeability  factors   (Pf/Nat 
and  PF/Dil):     their  relationship  to  Hageman  factor  and  the  kallikrein-kinin 
system.     Biochem.  Pharm.   (in  press). 
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ANNUAL  REPORT  OF  THE 
MOLECULAR  DISEASE  BRANCH 
NATIONAL  HEART  AND  LUNG  INSTITUTE 
July  1,  1973  through  June  30,  197H 

The  Molecular  Disease  Branch  conducts  research  seeking  new  knowledge 
about  plasma  lipoproteins,  the  functions  they  have  in  fat  metabolism  by  the 
body  and  the  manner  in  which  derangement  of  these  functions  causes  accelerated 
atherosclerosis  and  other  diseases.  A  number  of  significant  achievements  of 
the  Branch  during  this  reporting  period  are  detailed  in  specific  project 
reports.  Only  a  few  of  these  will  be  expanded  upon  in  this  summary  report. 

Even  prior  to  the  organization  as  a  Branch  this  unit  has  had  as  its  pri- 
mary objective  the  elucidation  of  the  reg\ilation  of  lipoprotein  concentrations 
in  plasma.  A  major  pathway  to  this  knowledge  lies  along  clarification  of  the 
number,  structure  and  relationships  of  certain  apolipoproteins ,  proteins 
which  facilitate  secretion  of  lipids  from  cells  into  extracellular  fluid, 
stabilize  them  during  circulation  and  promote  their  orderly  metabolism.  Three 
of  the  seven  known  major  apoproteins  (the  C-proteins)  were  discovered  and  the 
primary  structures  of  C-I,  C-III  and  A-II  were  determined  here.  An  important 
function  for  C-II  is  the  activation  of  the  enzyme  responsible  for  degrading 
triglyceride  in  lipoproteins  (lipoprotein  lipase),  and  the  primary  structure 
of  this  protein  is  now  being  determined  in  the  Branch.  When  this  is  completed, 
the  amino  acid  sequences  of  C-I,  C-II,  C-III,  A-I  (just  completed  in  Houston), 
and  A-Il  will  be  known  and  this  tedious  and  difficult  phase  of  lipoprotein 
research  largely  over. 

The  next  move  is  determination  of  how  these  apolipoproteins  are  integrated 
into  the  quarternary  structure  of  lipoproteins.   Important  advances  were  made 
this  year  by  several  scientists  within  the  Branch  collaborating  with  the 
Laboratory  of  Chemistry  which  is  equipped  with  advanced  techniques  for 
determining  the  bonds  between  specific  atoms  of  complex  molecules  by  nuclear 
magnetic  resonance.   Lipids  were  synthesized  to  enrich  specific  atoms  with 
13c.   This  permitted  determination  of  the  nature  of  bonding  between  apoproteins 
recombined  with  phospholipids.  Effort  was  concentrated  upon  the  A  proteins  in 
high  density  lipoproteins  (HDL).  Evidence  was  gathered  indicating  that  (1) 
HDL  particles  (which  average  about  120  %.   in  diameter)  consist  of  phospholipids 
in  micellar  form  with  all  the  polar  groups  oriented  into  the  aqueous  phase 
(plasma);  (2)  apoA-II  is  a  much  more  arid  binder  of  phospholipid  than  apoA-I; 
(3)  A-II  is  bound  to  phospholipid  by  hydrophobic  forces;  this  is  made 
possible  by  the  helical  configuration  taken  by  apoproteins  in  the  presence  of 
lipid  which  provides  long  stretches  of  non-polar  amino  acids  on  one  side  of 
the  protein  and  of  polar  amino  acids  on  the  other;  (4)  A-II  is  probably  em- 
bedded in  lipid,  oriented  parallel  to  the  phospholipid  fatty  acid  chains,  for 
most  of  the  length  of  the  protein;  (5)  A-I  probably  binds  to  the  resulting 
"core"  mainly  by  protein-protein  interactions;  (6)  electrostatic  binding  of 
phospholipids  to  protein  is  not  excluded,  but  experimental  data  are  lacking 
to  support  these  forces  as  important  in  HDL  structure. 

Some  unexpected  and  important  correlary  information  was  then  obtained  by 
studies  of  Tangier  disease,  a  rare  mutant  disorder  discovered  at  NIH  in  1960. 
In  plasma  of  homozygotes  small  amounts  of  HDL  are  discernible  only  after 

1  7jr 


concentration  of  large  volumes  of  plasma  and  use  of  sensitive,  sophisticated 
techniques  for  identification  of  the  products.  Evidence  was  obtained  in- 
dicating that  (1)  A-I  appears  incapable  of  integration  into  quarternary 
structure  of  HDL  in  Tangier  disease  and  (2)  this  provides  a  unique  finding  of 
a  lipoprotein  containing  only  A-II  and  lipids,  highly  suggestive  of  the  "core" 
proposed  for  normal  HDL.  Furthermore,  Tangier  homozygotes  were  found  to  have 
abnormalities  in  other  lipoprotein  families  (chylomicrons,  VLDL  and  LDL)  that 
are  concerned  with  triglyceride  transport.  Most  notably,  after  fat  feeding, 
there  appear  in  plasma  large  abnormal  lipoproteins,  probably  remnants  of  un- 
stable chylomicrons.  Correlary  studies  of  Tangier  tissues  revealed  evidence 
for  phagocytic  removal  of  such  particles,  leading  to  cholesteryl  ester 
storage  in  many  cells.  These  included  Schwann  cells  sxirrounding  nerve  axons, 
providing  an  explanation  of  the  neuropathy  that  accompanies  long-standing 
HDL  deficiency  of  the  severity  seen  in  Tangier  disease.  Finally,  the  im- 
portance of  a  reservoir  of  C-proteins  normally  provided  by  HDL  was  emphasized 
by  the  evidence  indicating  improper  triglyceride  metabolism  in  Tangier 
disease . 

A  major  reason  for  such  exhaustive  work  on  apolipoproteins  is  the 
potential  for  determining  regulation  of  their  synthesis  and  catabolism  in  the 
cells,  processes  that  must  determine  concentration  of  lipids  in  plasma.  For 
this  purpose,  animal  models  are  essential.   Thus,  considerable  effort  has  been 
expanded  in  determining  the  homology  of  apoproteins  in  species  other  than  man, 
particularly  the  rat.  All  of  the  major  (human)  apoproteins  have  now  been 
identified  in  the  rat,  differences  in  their  terminal  residues  and  in  portions 
of  their  primary  sequences  established,  and  techniques  for  reproducible 
isolation,  purification  and  immunochemical  identification  perfected.  Specific 
antisera  are  also  now  being  prepared  to  all  of  the  himan  apoproteins,  par- 
ticularly to  permit  isolation  of  normal  and  mutant  proteins  by  affinity 
chromatography . 

In  the  areas  of  clinical  research,  several  achievements  deserve  some 
expansion.  An  assay  has  been  perfected  for  determining  separately  lipoprotein 
lipase  and  an  hepatic  lipase  which  are  both  released  transiently  in  plasma  by 
heparin.   The  indirect  measurement  of  "triglyceride-clearing"  ability  of  the 
individual  has  been  complicated  for  years  by  heterogeneity  of  the  enzjrmes 
assayed.  A  distinct  deficiency  of  lipoprotein  lipase  in  a  rare  form  of  hyper- 
glyceridemia  (type  I)  was  thus  finally  established,  along  with  unequivocal 
evidence  that  the  majority  of  hyperglyceridemic  patients  have  no  deficiency 
of  releasable  enzyme. 

Type  III  hyperlipoproteinemia  is  an  imusual  familial  disease  associated 
with  severe  premature  atherosclerosis.  Through  kinetic  analyses  of  experi- 
mental data  derived  from  injection  of  radioactively  tagged  apolipoproteins 
(in  lipoproteins)  it  appears  that  type  III  may  be  due  to  accelerated  pro- 
duction of  apoprotein  B  and  subsequent  overloading  of  the  usual  pathway  for 
VLDL  catabolism.  The  result  is  appearance  in  plasma  of  abnormal  VLDL  par- 
ticles with  peculiar  electrophoretic  behavior  ("floating  beta  lipoproteins") 
and  with  abnormal  chemical  composition.  The  availability  of  the  nation's 
largest  registry  of  patients  with  familial  hyperlipidemia  has  made  it  possible, 
through  retrospective  analyses  of  over  3,100  complete  lipoprotein  analyses, 
to  test  which  method  of  diagnosis  is  more  effective.  The  results  unequivocally 
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indicated  that  the  chemical  index  is  superior  in  segregating  a  unique  pop- 
ulation of  hyperlipoproteinemic  siibjects.  These  resxilts  will  be  of  particular 
help  to  the  Lipid  Research  Clinics  and  other  large  surveys  seeking  to  identify 
patients  with  the  type  III  abnormality. 

The  lipoprotein  registry  of  the  Molecular  Disease  Branch  has  been  closed 
in  this  project  period.  Constraints  on  personnel  are  only  partial  reasons  for 
this.  The  establishment  of  a  national  network  of  Lipid  Research  Clinics, 
modeled  largely  after  the  activities  of  this  Branch  and  the  classification 
system  it  developed,  relieves  the  Intramural  Program  of  the  need  to  continue 
this  extensive  kind  of  research.  The  registry  has  served  useful  purposes  in 
addition  to  providing  an  invaluable  source  of  certain  patients  for  continued 
intensive  studies.  This  year  two  products  of  the  registry  were  published, 
each  likely  to  remain  the  largest  and  most  definitive  of  their  kind  for  some 
time:   (1)  Description  of  the  hazard  for  vascular  disease  of  type  II  hyper- 
lipoproteinemia, based  on  over  1,000  relatives,  and  (2)  study  of  familial 
hypercholesterolemia  or i type  II  hyperbetalipoproteinemia  or  type  II  hyper- 
lipoproteinemia in  over' 230  chil(^?en  derived  from  matings  of  one  normal  and 
one  parent  with  the  disease.  Unequivocal  evidence  was  obtained  for  the  mono- 
genic nature  of  the  disease,  the  enhanced  value  of  LDL  measurements  over 
cholesterol  for  diagnosis,  and  the  time  of  expression  and  its  modification  by 
age  and  other  factors.  ] 

The  Type  II  Intervention  Study,  designed  to  test  the  hypothesis  that 
reducing  plasma  low  density  lipoprotein  concentrations  affects  the  progression 
of  established  coronary  artery  disease,  continues.  Recruitment  is  behind 
schedule,  but  adjustments  have  been  made  to  achieve  the  goal  of  patients. 
Approximately  six  patients  have  completed  a  two  year  period  and  have  had  their 
second  coronary  angiogram.  The  code  remains  intact  and  surveillance  of  the 
study  by  its  monitoring  group  continues  as  planned. 

The  Branch  now  enters  a  new  phase,  under  different  leadership,  in  which 
lipoprotein  research  retains  extraordinary  promise  of  providing  new  knowledge 
in  important  areas  of  physiology,  genetics  and  cardiovascular  disease. 
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Project  Description: 

Objectives :  For  the  past  eight  years  most  of  the  clinical  and  labora- 
tory investigations  in  this  Branch  have  been  unified  about  the  theme  of  this 
project.  Patients  with  hyperlipidemia  have  been  classified  into  major  types 
of  hyperlipoproteinemia  by  a  series  of  analyses  and  diagnostic  tests  devised 
in  the  Branch  and  used  throughout  much  of  the  world.  A  registry  of  patients 
with  hyperlipidemia  was  established  and  by  November,  1973  inclioded  about  1,000 
patients  and,  in  addition,  many  of  their  relatives.  The  registry  contains  the 


73  f 


Serial  No.  NHLI- 287(c) 

world's  largest  collection  of  patients  with  type  III  hyperlipoproteinemia,  of 
familial  hypercholesterolemia  (one  form  of  type  II  hyperlipoproteinemia)  and 
possibly  of  other  types.  As  of  Jan.  1,  1974  the  decision  was  made  to  close 
the  registry  for  several  reasons:  (1)  its  maintenance  was  too  expensive  in 
face  of  restrictions  in  personnel.  Dr.  Jover,  v^ose  entire  services  were  de- 
voted to  this  activity,  was  retired;  (2)  the  Institute's  Lipid  Research  Clinic 
program,  built  upon  the  Branch  as  a  nudel,  was  beginning  to  gather  similar  data 
from  a  sample  derived  across  the  country;  (3)  the  derivation  of  our  data  base 
entirely  from  referred  patients  -  extremely  valuable  for  their  original  pur- 
poses -  was  siijject  to  uncontrolled  biases  that  placed  limitations  on  the  value 
of  the  sample  for  genetic  purposes. 

>toreover,  the  typing  system  has  reached  the  limits  of  differentiation  and 
must  now  expect  destruction  and  subdivision  as  biochemical  markers  expose  the 
heterogeneity  of  the  five  or  six  major  groups  (types)  of  hyperlipoproteinemia. 
Genotypes  need  now  to  be  pursued  more  selectively  through  biochemical  methods. 
Finally,  the  departure  of  Dr.  Fredrickson  as  Branch  Chief,  and  the  promotion 
of  Dr.  Levy  to  extramural  affairs,  as  well  as  the  greater  concentration  of  the 
remaining  senior  staff  on  laboratory  rather  than  clinical  investigation  neces- 
sitates a  reduction  in  the  clinical  aspects  of  the  Branch  until  they  can  be 
re-established.  Patients  will  continue  to  be  seen,  but  the  functioning  of  the 
Branch  clinic  as  the  major  source  of  specialized  treatment  of  hyperlipidemia 
in  the  metropolitan  area  will  be  displaced  elsewhere. 

Methods: 


These  have  been  described  in  detail  in  prior  reports  on  this  project. 

Major  Findings: 

During  this  reporting  period,  some  valuable  analyses  and  significant 
studies  have  been  completed: 

1)  The  genetic  analysis  of  children  with  hyperbetalipoproteinemia 
(familial  hypercholesterolemia)  has  been  piilished.  Because  of  the  number  of 
children  at  hazard  (236)  and  the  extent  of  analyses  this  report  will  probably 
stand  for  some  years  as  the  definitive  proof  that  this  relatively  conmon  dis- 
order is:  a)  monogenic  in  determination,  b)  expressed  shortly  after  birth, 

c)  sometimes  subject  to  unexplained  modification  of  expression  in  adolescence, 

d)  better  detected  by  IDL  than  cholesterol  measuranents ,  and  that  e)  in  the 
heterozygote,  coronary  disease  and  xanthomas  are  extremely  unconmon  in  the 
third  decade,  and  f)  hyperglyceridemia  with  type  II  (type  lib)  increases  with 
age  and  is  subject  to  some  separate  familial  determination. 

2)  The  detailed  analyses  of  how  vascular  disease  is  associated  with  type 
II  in  adults  referred  to  in  the  last  report  has  also  been  published  and  again 
greatly  exceeds  in  number  of  patients  (over  1,000  relatives  exclusive  of  pro- 
positi) and  kinds  of  data  any  previous  similar  study. 
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3)  A  retrospective  study  of  3100  lipoprotein  analyses  on  a  subpopulation 
has  shown  that  a  chemical  ratio  (VLDL  cholesterol  concentration  to  plasma  gly- 
ceride  concentration)  permits  separation  of  type  III  hyperlipoproteinemia  from 
all  other  types  with  much  greater  accuracy  than  "floating  beta  lipoproteins." 
This  chemical  test  is  now  recommended  as  the  diagnostic  method  of  choice  until 
more  specific  biochemical  markers  are  discovered. 

4)  A  patient  with  p-sitosteroleraia  -  a  new  genetic  form  of  xanthomatosis 
described  elsevdiere  -  was  discovered  in  our  type  II  population.  Metabolic 
studies  are  underway  in  collaboration  with  the  University  of  Iowa. 

5)  A  study  of  patients  with  type  II  who  appeared  to  be  showing  tachy- 
phylaxis or  resistance  to  cholestyramine  was  completed.  In  -and  outpatient 
experiments  revealed  that  all  patients  appeared  to  retain  their  original  re- 
sponsiveness to  the  resin  when  tested  under  controlled  conditions.  No  "resis- 
tance to  drug"  was  uncovered.  The  studies  emphasize  the  difficulties  encoun- 
tered by  apparently  highly  motivated  people  in  following  diet  and  drug  regimens 
prescribed  for  hyperlipoproteinemia. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Hyperlipidemia  is  one  of  the  leading  factors  associated  with  premature 
arteriosclerosis,  especially  coronary  artery  disease.  The  identification  of 
the  causes  of  hyperlipidemia,  particularly  separation  of  genetic  frcm  cultural 
factors,  and  the  management  of  these  disorders  is  of  paramount  importance  in 
prevention  or  delay  of  the  onset  of  the  most  common  cause  of  death  and  dis- 
ability among  Americans. 

Proposed  Course: 

As  outlined  above,  this  project  will  now  be  incorporated  into  specific 
projects  related  to  biochemical  defects. 
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Project  Description: 

Cbjectives  and  Methods:   Patients  with  Tangier  disease  (familial  defi- 
ciency  of  high  density  lipoproteins)  provide  large  san^sles  of  plasma  (by  plas- 
maphoresis)  after  periods  on  different  diets.  The  lipoprotein  families  are 
separated  by  ultracentrifugation  and  gel  chromatography,  subjected  to  electron 
microscopy  and  delipidation  followed  by  chemical  separation,  identification 
and  quantification  of  individual  lipid  and  protein  conponents. 

The  findings  are  of  great  interest  in  regard  to  the  possible  defect  in 
this  disease  and  apply  to  other  work  in  progress  concerning  both  structure  and 
function  of  lipoproteins. 

Major  Findings: 

1)  The  VLDL- chylomicron  fractions  in  Tangier  plasma  are  relatively 
deficient  in  C-apoproteins,  indicating  that  the  loss  of  the  normal  reservoir 
for  C-proteins  (usually  half  of  the  total  in  plasma  is  provided  by  HDL)  has 
an  effect  on  composition  -  and  presumably  structure  -  of  lipoproteins  other 
than  HDL. 

2)  LDL  is  abnormally  high  in  triglyceride  content  in  Tangier  plasma, 
suggesting  that  the  lipoprotein  precursors  of  LDL  are  not  metabolized  normall>- 
to  LDL.  When  the  patients  are  fed  normal  or  high  fat  diets,  grossly  abnormal - 
appearing  lipoproteins,  consisting  of  large,  flattened  lucent  particles  of 
about  1000  A  in  diameter  and  containing  the  characteristic  apoprotein  of  LDL 
are  found  in  the  HDL  density  zone.  There  are  almost  none  of  these  peculiar 
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lipoproteins  in  the  HDL  zone  vdien  the  diet  contains  no  fat.  We  concliide  that 
HDL  is  probably  necessary  for  normal  conversion  of  chylomicrons  and  VLDL  to 
LDL,  and  that  in  the  absence  of  HDL,  abnormal  lipoproteins,  possibly  targets 
for  phagocytosis  are  generated;  these  may  be  one  of  the  major  sources  of  the 
cholesteryl  esters  stored  in  tissues  in  this  disease. 

3)  The  distribution  of  A  apoproteins  and  structure  of  the  residual  high 
density  lipoproteins  (HDL)  has  been  determined  in  3  patients  homozygous  for 
Tangier  disease.  The  total  quantity  of  A  apoproteins  in  plasma  was  <  3$  of 
normal.  Nearly  all  of  apoA-I  was  in  the  region  of  d  >  1.21,  vhile  apoA-II 

was  confined  to  the  1.063  -  1.21  KBr  density  region.  By  agarose  chromatography 
the  A-II  was  isolated  in  lipoproteins  having  the  following  characteristics: 
(1)  spherical  shape  with  mean  diameter  of  60  A;  (2)  ApoA-II  is  the  sole  pro- 
tein; and  (3)  a  composition  of  501  protein,  19%  cholesteryl  ester,  5%  choles- 
terol, 23%  phospholipid.  In  regard  to  recornbination  with  sphingomyelin  and 
tryptic  hydrolysis  of  the  recombinant  and  lipid-free  protein,  Tangier  A-II 
appears  structurally  and  functionally  normal.  Tangier  ApoA-I,  isolated  by 
inraunoprecipitation  and  gel-  and  ion-exchange  chromatography  had  an  amino  acid 
ccnposition  indistinguishable  from  normal  A- I.  The  defect  in  Tangier  disease 
appears  to  reside  in  a  failure  of  integration  of  apoA-I  in  the  qioartemary 
structure  of  high  density  lipoproteins,  affording  a  unique  opportunity  to  iden- 
tify an  "A-II  lipoprotein  particle"  in  circulating  plasma. 

4)  Some  Tangier  homozygotes  are  severely  deficioit  in  postheparin  lipo- 
protein lipase  activity.  This  may  mean  that  C-apoproteins  (or  apoA-II  or  A-I) 
are  important  in  facilitating  displacement  of  this  enzyme  from  tissues  by 
heparin. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

HDL  concentrations  differ  in  men  and  women,  one  of  the  few  chemical  dif- 
ferences between  the  two  sexes.  HDL  concentrations  are  also  very  high  in 
species  resistant  to  atherosclerosis.  The  functions  of  HDL  are  only  partially 
known.  Study  of  Tangier  disease  offers  unique  opportunities  for  detennining 
the  structure  and  function  of  all  lipoproteins. 

Proposed  Course:  We  are  now  isolating  Tangier  apoA-I  and  apoA-II  for 
further  structural  studies.  We  will  also  examine  plasma  of  heterozygotes  for 
the  "apoA-II  particle."  This  particle  resembles  a  proposed  inner  core  of  nor- 
mal HDL  and  may  offer  unique  proof  of  current  structural  concepts  of  HDL.  The 
continued  study  of  these  rare  patients  offers  extraordinary  opportunities  to 
test  several  theories  of  lipoprotein  structure  and  metabolism. 

Publications: 

1.  Fredrickson,  D.  S.:  Lessons  Learned  about  Tangier  Disease  from  Tangier 
Disease  and  Other  Mutants.  The  Jimenez-Diaz  Lecture  (1974),  Madrid, 
in  press. 
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Project  Description: 


Objectives:  The  primary  aim  of  this  study  is  to  determine  whether  lower- 
ing the  LDL  cholesterol  in  patients  with  premat\n?e  coronary  artery  disease  and 
tjrpe  II  will  slow,  stop  or  reverse  the  progression  of  coronary  artery  disease 
(i.e.,  to  test  the  lipid  hypothesis  in  a  specific  group  of  high  risk  patients). 

Methods :  Two  hundred  fifty  patients  with  coronary  artery  disease  demon- 
strated by  coronary  angiography  who  meet  all  of  the  criteria  outlined  in  the 
protocol  will  be  randomly  split  into  two  equal  groups  (treatment  -  24  grams 
cholestyramine  and  diet  control  -  control  -  24  grams  placebo  and  diet  control ) . 
They  will  be  followed  in  a  double-blind  fashion  monthly  for  2-5  years. 
Repeat  coronary  angiography  will  be  performed  at  2  years  and  at  5  years  (if 
the  study  continues ) . 

The  end  point  will  be:   1)  a  significant  difference  in  the  progression  of 
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coronary  disease  as  shown  on  angiography,  or  2)  a  significant  difference  in 
new  myocardial  infarctions  or  death,  or  3)  lack  of  any  of  the  above  at  5 
years. 

Major  Findings; 

1.  To  date  (April  1,  197it)  the  NHLI  Type  II  Coronary  Intervention  Study 
has  had  approximately  8,000  patients  referred  for  consideration  for  the  study. 
Of  these,  about  4,700  or  59%  have  been  referred  within  the  last  year.  At 
current  rates  of  intake,  it  is  estimated  that  7,000  new  patients  will  be 
screened  within  the  next  year. 

Of  the  8,000  patients  referred  approximately  4,500  were  not  eligible  for 
the  program  after  the  lab  screening  (they  were  high  normal  types  I,  III,  IV  or 
V  or  possible  dietary  II 's).  Of  the  remaining  3,500  approximately  300  are 
pending  further  processing;  of  the  3,200  processed  beyond  this  point  about 
1,600  were  found  to  be  ineligible  over  the  telephone.  Of  the  remaining  1,600 
480  have  not  been  interested  in  being  considered  for  the  program  and  another 
20%  or  320  have  been  foimd  to  have  just  high  normal  lipid  values  (not  type  II) 
and  therefore  ineligible  for  the  program. 

The  remainder  (approximately  800)  have  either  been  seen  (715)  or  are 
scheduled  to  be  seen  and  evaluated  in  detail,  including  measiirement  of  approxi- 
mately 20  risk  factors,  determination  of  presence  or  absence  of  strong  evidence 
for  underlying  CAD  by  history,  physical  and  non- invasive  testing,  determination 
of  dietary  effect  on  their  lipid  abnormality  and  classification  as  type  II  or 
type  II,  ,  dietary  II  or  non-dietary  II.  ^ 

Currently  there  are  69  patients  in  the  program  and  on  medication,  31 
patients  who  have  completed  their  one  year  evaluation  and  three  patients  who 
have  completed  their  two  year  evaluation. 

Results  to  date  indicate: 

1.  No  progression  of  CAD  in  the  first  3  patients  re-evaluated  at  2  years. 

2.  Objective  improvement  (exercise  test,  etc.)  in  approximately  7  patients 
seen  for  their  1  year  evaluation  and  worsening  in  only  1  patient. 

3.  Improved  or  unchanged  symptomatic  status  in  all  patients  in  the  pro- 
gram. 

4.  Two  deaths  and  2  documented  Mi's  in  patients  in  the  program. 

5.  An  approximate  10%  incidence  of  positive  exercise  tests  in  asymptom- 
atic type  II 's  (about  3-5  times  greater  than  that  reported  in  the  literature). 

6.  An  approximate  10%  incidence  of  coronary  calcifications  in  asymptom- 
atic type   II 's  giving  an  overall  incidence  of  approximately  20%  of  asymptom- 
atic patients  21-55  with  type  II  who  have  evidence  of  occult  CAD  (positive  ex- 
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ercise  test  and/or  coronary  calcifications). 

7.  Approximately  40%  of  our  patients  normalize  on  diet  and  in  these  the 
average  cholesterol  drop  is  25%.  The  overall  cholesterol  drop  is  13-15% 
including  all  patients  (non-adherers  as  well  as  adherers). 

8.  Exercise  testing  does  not  appear  to  be  as  sensitive  or  specific  in  an 
asymptomatic  population  (even  a  high  risk  population  like  this  one)  as  many 
previously  thought  and  our  data  raise  real  questions  about  its  usefulness  in 
individual  patient  care  decisions. 

9.  Coronary  calcifications  on  fluoroscopy  is  a  readily  available,  inex- 
pensive procedure  with  little  patient  morbidity  and  appears  to  be  a  better 
screening  procedijre  for  occult  CAD  in  our  asymptomatic  type  II  population  than 
the  more  expensive  and  elaborate  exercise  testing. 

10.  Evaluation  of  a  sub-group  of  our  patients  who  were  psychologically 
typed  (type  A  vs.  type  B)  does  not  svibstantiate  the  hypothesis  that  type  A 
personalities  are  more  likely  to  have  CAD  than  type  B  personalities. 

11.  The  Safety  Monitoring  Board  has  not  informed  us  of  any  untoward  or  new 
reactions  to  the  medication  nor  have  we  noted  any  reactions  not  previously 
described  except  for  a  few  episodes  of  tinnitus. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

The  answer  to  the  question  posed  by  this  study  is  one  of  the  most  important 
in  the  field  of  heart  research.   It  has  implications  not  only  for  those 
patients  who  are  type  II  with  coronary  disease,  but  also  for  type  II's  without 
disease,  and  for  the  general  popiilation.  Also,  the  knowledge  gained  about  the 
natural  history  of  coronary  artery  disease  and  the  factors  affecting  it  will 
significantly  advance  our  current  knowledge  and  have  implications  for  the  treat- 
ment of  the  major  cause  of  mortality  in  the  adult  population  of  the  United 
States . 

Proposed  Course; 

1.  Continue  enrolling  study  candidates  within  the  limitations  of  avail- 
able staff  and  clinic  time  in  which  to  see  these  patients. 

2.  Try  to  make  referrals  more  selective  and  include  more  symptomatic 
patients  who  are  more  likely  to  become  study  candidates. 

3.  Carry  through  the  protocol  as  outlined. 

4.  Begin  to  analyze  and  publish  the  extensive  results  obtained  to  date. 
This  includes  data  on  715  patients  with  type  II  studied  in  detail  with  20  risk  ' 
factors  measured  and  86  patients  in  whom  more  than  30  risk  factors  have  been 
measured  and  invasive  and  non- invasive  tests  for  CAD  performed. 
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Project  Description: 

Objectives:  The  metabolic  breakdown  and  interconversion  of  plasma  lipo- 
protein is  as  yet  incompletely  understood.   It  has  been  postulated  that  in  the 
process  of  transferring  circulating  lipids  from  plasma  to  tissues,  the  lower 
density  lipoproteins  (chylomicrons  and  VLDL)  are  converted  to  progressively 
higher  density  lipoproteins  by  a  series  of  lipolytic  reactions.  Heparin  in- 
jection is  known  to  release  into  plasma  a  number  of  lipolytic  enzymes  (collec- 
tively referred  to  as  post-heparin  lipolytic  activity  or  (PHLA)  which  are 
thought  to  play  a  major  role  in  this  process.   In  man,  a  deficiency  state  of 
one  or  more  of  these  enzymes  is  characteristic  of  at  least  one  of  the  geneti- 
cally determined  hyperlipidemic  states  (type  I  hyperlipoproteinemia). 

I 
The  aims  of  this  project  are  as  follows: 

1.  To  characterize  further  heparin  released  lipolytic  activities  in 
tissues  and  post-heparin  plasma. 

2.  To  assess  the  physiological  role  of  these  activities  in  lipoprotein 
catabolism. 

3.  To  determine  the  nature  of  possible  enzymatic  abnormalities  in  dis- 
orders of  lipoprotein  metcibolism. 
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4.  To  purify  the  various  lipolytic  activities  present  in  post-heparin 
plasma. 

Methods ;  Pre-  and  post-hepeirin  plasma  was  obtained  from  normal  subjects 
and  from  patients  with  familial  hyperlipoproteinemia  on  a  variety  of  diets. 
Samples  were  obtained  10  minutes  after  standard  doses  of  intravenously  admin- 
istered heparin.  Other  enzyme  sources  included  post-heparin  plasma  ft?om  rats 
and  dogs,  post-heparin  perfusate  from  isolated  livers,  and  acetone-ether  pow- 
ders of  liver  and  adipose  tissue  from  both  species.  Post-heparin  plasma  from 
totally  hepatectomized  rats  (supradiaphragmatic  rat  preparations)  provided  a 
source  of  heparin-released  LPL  free  of  contamination  by  hepatic  TGL. 

Previously  ptiblished  assay  techniques  were  employed  for  the  measurement 
of  triglyceride  lipase  (TGL),  monoglyceride  hydrolase  (MGH),  phospholipase 
(PL),  triglycerides  and  substrates.  The  positional  specificity  of  triglycer- 
ide lipase  was  studied  using  chemically  synthesized  radiolabeled  triglycerides 
and  glyceryl  diether  monoesters.  Hiiman  and  rat  lipoproteins  were  also  tried 
as  substrates  for  the  various  enzyme  preparations. 

Purification  of  lipolytic  activities  was  achieved  by  affinity  chromatog- 
raphy on  Sepharose  4B  containing  covalently  linked  heparin. 

Major  Findings; 

1.  The  triglyceride  lipase  activity  (TGL)  in  post-heparin  plasma  was 
initially  identified  with  lipoprotein  lipase  (LPL),  an  enzyme  that  has  been 
implicated  in  the  clearance  of  triglyceride-rich  lipoproteins  from  the  plasma. 
Recent  results  from  this  laboratory  have  shown  that,  in  fact,  post-heparin 
plasma  contains  a  second  TGL  of  hepatic  origin,  that  differs  in  several 
important  respects  from  the  LPL  derived  from  extra-hepatic  tissues.  Hepatic 
TGL  was  obtained  from  isolated  rat  livers  perfused  with  heparin  and  from 
acetone  ether  powders  of  rat  liver.  An  interesting  property  of  this  enzyme 
was  its  resistance  to  LPL  inhibitors.  Two  years  ago  we  described  an  assay 
that  allowed  the  specific  measurement  of  LPL  and  hepatic  TGL  in  post-heparin 
plasma  by  selective  inhibition  of  LPL  with  protamine  sulfate.  The  post- 
heparin  lipase  activities  have  now  been  measured  in  100  normal  subjects  and 
in  76  patients  with  hyperlipoproteinemia.   In  normals,  hepatic  TGL  was  found 
to  be  the  predominant  activity.  With  diets  low  in  fat  or  total  calories  LPL 
in  normals  was  found  to  decrease  by  greater  than  50%  within  the  first  week, 
while  hepatic  TGL  activity  either  increased  or  remained  the  same.   In  11 
patients  with  type  I  hyperlipoproteinemia,  LPL  activity  was  shown  to  be 
negligible,  while  in  most  cases  hepatic  TGL  was  nornnal.   In  contrast,  both 
activities  were  normal  in  patients  with  types  III,  IV,  and  V  hyperlipoprotein- 
emia. This  further  corroborates  the  hypothesis  that  the  defect  in  chylomicron 
clearance  in  type  I  is  due  to  a  deficiency  of  LPL,  and  also  demonstrates  that 
the  normal  values  for  PHLA  previously  observed  in  some  patients  with  type  I 
were,  in  fact,  due  to  the  relatively  high  activity  of  hepatic  TGL.  A  selec- 
tive deficiency  of  hepatic  TGL  was  demonstrated  in  4  patients  with  hypothyroid- 
ism, apparently  accounting  for  the  low  PHLA  previously  described  in  this 
disorder. 
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2.  The  substrate  specificities  of  hepar in-released  LPL  and  hepatic  TGL 
have  bee^i  further  defined.  Protamine- inactivated  lipase  activity  in  human 
postheoaiin  plasma  was  measured  equally  well  with  triolein,  chylomicrons,  and 
VLDL,  while  protamine-resistant  activity  was  highest  with  triolein,  lowest 
.'■-th  chylomicrons,  and  intermediate  with  VLDL.  The  results  were  the  same  in 

o  noi^al  subjects  and  8  patients  with  different  types  of  hyperlipoproteinemia. 

These  findings  have  been  confirmed  by  studies  of  substrate  specificity 
of  enzymes  isolated  fr»om  the  rat.  LPL  was  measured  in  post-heparin  plasma 
from  hepatectomized  rats,  and  hepatic  TGL  was  measured  in  plasma  from  heparin- 
perfused  isolated  liver.  Under  conditions  of  substrate  saturation,  where  LPL 
and  hepatic  TGL  produced  similar  rates  of  hydrolysis  of  VLDL,  the  hydrolysis 
of  chylomicrons  by  LPL  was  more  than  9-fold  greater  than  that  achieved  with 
hepatic  TGL.  This  is  consistent  with  a  primary  role  of  LPL  in  chylomicron 
clearance,  and  suggests  that  both  enzymes  may  be  involved  in  VLDL  catabolism. 

3.  Using  antisera  to  individual  VLDL  apoproteins,  it  was  shown  that 
extra-hepatic  (protamine" inactivated)  lipase  activity  in  human  post-heparin 
plasma  could  be  reduced  more  than  80%  by  incubation  with  antiC-II,  but  rat 
antisera  to  apoC-I  and  apoC-III  had  no  apparent  effect.  This  is  consistent 
with  the  role  prepared  for  apoC-II  in  activation  of  lipoprotein  lipase,  al- 
though it  does  not  exclude  possible  activating  effects  of  the  other  apoproteins. 

4.  The  hyperglyceridemic  effect  of  ethanol  was  studied  in  6  normal  sub- 
jects and  2  patients  with  familial  hyperchylomicronemia,  and  was  related  to 
changes  in  heparin-released  plasma  lipase  activities.  After  ethanol  0.5  or  1 
ml/kg,  plasma  triglyceride  reached  a  peak  within  5-8  hr,  and  then  declined 
toward  baseline.   In  six  subjects,  the  increase  at  six  hr  was  32  +_  5%  (mean 

t_  SEM).   In  two  subjects  lipase  activities  were  measured  24  hr  before,  and  at 
either  4,  6,  10,  or  24  hr  after  ethanol  (1.0  ml/kg).   Lipoprotein  lipase 
(protamine-inactivated  activity)  declined  significantly  to  a  minimum  at  4  hr 
(reductions  of  24  and  28%),  and  rose  to  baseline  by  24  hr.   Hepatic  lipase 
(protamine-resistant  activity)  was  increased  at  4  hr  (+7,  +12%),  and  then 
declined  8-23%  between  6  and  10  hr.  These  changes  were  not  reproduced  by  iso- 
caloric  sxibstitution  of  glucose  for  ethanol,  or  by  fasting.   In  six  siibjects 
given  varying  doses  of  ethanol  (0,  0.5,  1.0  ml/kg)  the  percent  increase  in 
triglyceride  at  4-6  hr  was  significantly  correlated  with  the  percent  decline 
in  lipoprotein  lipase  (r  =  0.82,  p  <  0.005,  n  =  11)  but  not  with  the  changes 
in  hepatic  lipase  (r  =  0.22,  p  >  0.1).  The  hyperglyceridemic  effect  of  ethanol 
thus  may  be  mediated,  at  least  in  part,  by  reduced  activity  of  lipoprotein 
lipase. 

5.  The  procedure  developed  for  substrate  measurement  of  lipoprotein 
lipase  and  hepatic  lipase  in  rat  and  man  has  been  validated  in  the  dog.  Nor- 
mal values  for  the  two  enzyme  activities  have  been  established  in  plasma  ob- 
tained 10  min.  after  intravenous  heparin,  100  u/kg. 

6.  Isolated  plasma  membranes  from  rat  livers  were  shown  to  contain,  in 
addition  to  TGL,  monoglyceride  hydrolase  and  phospholipase  activities  which 
could  be  eluted  by  heparin.  All  three  activities  were  bound  to  heparin- 

3  VS/ 


Serial  No.  NHLI-290(c) 

sepharose  columns,  and  when  eluted  with  an  NaCl  gradient,  appeared  in  the  same 
fractions  as  the  TGL.  While  nearly  all  TGL  and  phospholipase  could  be  bound 
to  the  column,  approximately  60%  of  the  monoglyceridase  consistently  appeared 
in  the  void  volume.  This  enzyme  activity  differed  from  the  bound  monoglycer- 
idase in  its  response  to  varying  concentrations  of  NaCl,  and  may  represent  a 
different  form  of  the  enzyme. 

7.   Studies  of  monoglyceridase  in  post-heparin  plasma  from  hepatectomized 
rats  revealed  that  over  90%  of  the  total  activity  was  hepatic  in  oridin.   In 
the  same  series  of  rats ,  it  was  shown  that  the  liver  contributed  only  60%  of 
the  triglyceride  lipase  activity.  Thvis,  extra-hepatic  tissues  contributed 
significant  TGL  activity,  but  relatively  little  monoglyceridase  activity  to 
post-heparin  plasma. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  enzymes  involved  in  degradation  of  very  low  density  lipoproteins  and 
chylomicrons  have  great  relevance  to  disorders  associated  with  abnormal  con- 
centrations of  the  plasma  lipids  and  the  increased  incidence  of  atherosclerotic 
vascular  disease. 

Proposed  Course: 

1.  Studies  of  LPL  and  hepatic  TGL  in  patients  with  hyperlipoproteinemia 
will  continue,  and  possible  changes  with  dietary  and  drug  treatment  will  be 
evaluated.   In  addition,  these  enzymes  will  be  measured  in  other  clinical 
states  in  which  abnormalities  of  total  PHLA  have  been  reported  previously. 

2.  Efforts  will  be  made  to  further  purify  and  characterize  the  hepatic 
lipolytic  activities,  particularly  those  in  the  plasma  membrane  fraction. 

3.  The  roles  of  the  hepatic  and  extra-hepatic  lipolytic  activities  in 
lipoprotein  catabolism  will  be  more  intensively  investigated. 

^■.  The  kinetics  of  apoprotein  activation  and  inhibition  of  LPL  process 
will  be  studied  in  greater  detail,  and  an  attempt  will  be  made  to  chemically 
define  the  "active"  portion  of  the  activator  protein. 

Publications : 

1.  Krauss,  R.  M. ,  Herbert,  P.  N. ,  Levy,  R.  I.,  and  Fredrickson ,  D.  S.: 
Further  observations  on  the  activation  and  inhibition  of  lipoprotein 
lipase  by  apolipoproteins .  Circ.  Res.  33_:  403-411,  1973. 

2.  Assmann,  G. ,  Krauss,  R.  M. ,  Fredrickson,  D.  S.,  and  Levy,  R.  I.: 
Positional  specificity  of  triglyceride  lipases  in  post-heparin  plasma. 
J.  Biol.  Chem.  248:  7184-7190,  1973. 
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3.  Baylin,  S.  B. ,  Beaven,  M.  A.,  Krauss,  R.  M.,  and  Keiser,  H.  R. :   Response 
of  plasma  histaminase  activity  to  small  doses  of  heparin  in  normal  sub- 
jects and  patients  with  hyperlipoproteinemia.  J.  Clin.  Invest.  52:  1985- 
1993,  1973. 

If.  Krauss,  R.  M. ,  Levy,  R.  I.,  and  Fredrickson,  D.  S. :   Selective  measurement 
of  two  lipase  activities  in  post-heparin  plasma  from  normal  subjects  and 
patients  with  hyperlipoproteinemia.  J.  Clin.  Invest. ,  in  press. 
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Project  Description: 

Objectives: 

125 

1)  To  determine  the  metabolic  behavior  of    I-VLDL  in  various  tjrpes  of 

hyperlipoproteinemia  under  basal  conditions  and  under  various  metabolic  and 
nutritional  pertvirbations . 

2)  To  establish  the  metabolic  behavior  of  plasma  HDL,  extending  the 
already  developed  multicompartmental  model  of  apolipoprotein  metabolism  to 
include  the  two  major  apoproteins  of  HDL. 

3)  To  elucidate  the  factors  involved  in  exchange  and  equilibrixun  of  C- 
peptides  between  VLDL  and  HDL. 

Methods ; 

The  isolation,  purification,  and  iodination  of  VLDL,  LDL,  and  HDL  have 
been  described  previously.   The  VLDL,  LDL,  and  HDL  apoproteins  are  separated 
electrophoretically  on  15%  polyacrylamide  gels  using  a  continuous  buffer 
system  with  0.1%  sodium  lauryl  sulfate. 

Major  Findings: 

A  multicompartmental  model  for  B-peptide  and  C-peptide  metabolism  has 
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125 
been  fully  developed  on  the  basis  of    I-VLDL  turnover  studies  in  normal  con- 
trols and  in  patients  with  various  lipoprotein  disorders.  The  salient  features 
of  this  model  are:   (a)  B-peptide  metabolism  is  unidirectional  proceeding 
from  VLDL  through  an  intermediate  density  class  to  LDL  and  then  to  final  deg- 
radation; (b)  C-peptide  metabolism  is  characterized  by  a  bidirectional  ex- 
change between  VLDL  and  HDL  and  loss  of  C-peptide  from  VLDL  as  delipidation 
proceeds;  (c)  all  newly  produced  C-peptide  appears  to  be  secreted  on  the  HDL 
particle;  (d)  the  rate  of  delipidation  of  VLDL  is  slowed  in  all  types  of  hjrper- 
lipoproteinemia ,  but  the  delay  is  most  striking  in  type  I;  (e)  primary  dys- 
betalipoproteinemia  is  uniquely  characterized  by  an  accelerated  rate  of  pro- 
duction of  B-peptide  and  a  consequent  increase  in  degradation  of  larger  VLDL 
particles  through  an  abnormal  kinetically  defined  pathway. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Quantitative  assessment  of  VLDL  metabolism  is  fxmdamental  to  understanding 
normal  and  abnormal  states  of  triglyceride  transport. 

Definition  of  a  unique  kinetic  defect  in  type  III  hyperlipoproteinemia 
should  facilitate  a  rational  search  for  a  biochemical  defect  and  for  new 
therapies  in  this  disorder  which  is  so  highly  associated  with  vascular 
disease. 

Since  HDL  is  the  major  carrier  of  the  activator  protein  for  lecithin- 
cholesterol  mecyl  transferase  and  a  storage  reservoir  for  the  activator  protein 
for  lipoprotein  lipase,  its  metabolism  is  clearly  related  both  to  triglyceride 
transport  and  to  cholesterol  metabolism. 

Proposed  Course: 

1)  Studies  of  the  turnover  and  exchange  of  HDL  peptides  will  continue 
with  particular  emphasis  on  extending  the  multicompartmental  model  to  include 
the  two  major  HDL  apoproteins. 

2)  Studies  of  VLDL  metabolism  will  continue,  especially  focusing  on 
effects  of  pharmacologic  and  nutritional  perturbations. 

3)  In  vitro  studies  of  the  determination  of  C-peptide  transfer  or  ex- 
change between  VLDL  and  HDL  will  be  devised. 

Publications : 

1.  Eisenberg,  S.,  Bilheimer,  D.  W. ,  Lindgren,  F.,  and  Levy,  R.  I.:   On  the 
metabolic  conversion  of  hirnian  plasma  very  low  density  lipoprotein  to  low 
density  lipoprotein.  Biochim.  Biophys.  Acta  326:  361-377,  1973. 
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Project  Description: 

Objectives: 

1.  To  purify  arylsulfatase  A  from  normal  human  urine. 

2.  To  identify  in  the  urine  of  patients  with  arylsulfatase  A  deficiency 
(metadiromatic  leukodystrophy)  material  that  cross -reacts  vrith  antibody  pro- 
duced against  enzymatically  normal  arylsulfatase  A. 

3.  To  purify  this  cross -reacting  (enzymatically  inactive)  material. 

4.  To  study  the  physical  properties  of  the  normal  arylsulfatase  A  and 
the  defective  arylsulfatase  A. 

Methods : 


1.  The  purification  of  arylsulfatase  A  from  normal  human  urine  has  been 
acconplished.  The  method  involved  ammonium  sulfate  precipitation,  acetone 
precipitation,  affinity  chromatography,  Sephadex  G-200  chromatography  and 
preparatiAre  polyacrylamide  gel  electrophoresis. 

2.  Medium  scale  purification  of  arylsulfatase  A  has  been  achieved  from 
human  urine.  The  basic  tediniques  en^jloyed  included  ammonium  sulfate  frac- 
tionation, acetone  fractionation,  affinity  chromatography,  Sephadex  G-200 
chromatography,  and  preparative  polyacrylamide  gel  electrophoresis.  The  uri- 
nary secMJnent  was  initially  concentrated  by  centrifuging  in  a  Sorvall  contin- 
uous flow  ultracentrifuge.  The  enzyme  may  be  further  purified  by  chromatog- 
raphy on  columns  of  lEAE  cellulose.  Antiboc^  has  been  covalently  attached  to 
a  siistituted  sejiiarose.  In  this  way  an  antibody  affinity  column  has  been 
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3.  Arylsulfatase  A  has  also  been  purified  £rcm  human  liver  and  kidney. 
Essentially  the  same  techniques  were  en5)loyed  as  with  human  urine  except  that 
chromatography  en  columns  of  DEAE  cellulose  was  essential  in  order  to  produce 
a  relatively  pure  enzyme. 

Major  Findings: 

1.  Conplete  purification  of  arylsulfatase  A  has  been  achieved  from 
human  urine.  The  molecular  weight,  amino  acid  conposition,  and  pH  optimum  of 
this  material  have  been  determined.  The  product  moves  as  a  single  band  in 
both  alkaline  and  acid  polyacrylamide  gel  electrophoresis  and  shows  a  single 
peak  en  ultracentrifugatien.  The  enzyme  from  urine  has  a  molecular  weight  of 
approximately  110,000  with  an  amino  acid  con^osition  that  is  unique  in  that  the 
amino  acid  proline  is  present  in  quite  hi^  concentration.  The  i^  of  the  pure 
enzyme  is  4.75.  At  each  stage  of  the  purification  of  the  enzyme  from  the  hu- 
man urine  the  relative  activity  of  the  enzyme  towards  the  artificial  substrate 
p-nitrocatechol  sulfate  and  the  conplex  lipid  sulfatide  are  identical.  This 
would  indicate  that  there  are  not  two  enzymes  (arylsulfatase  A  and  sulfatide 
sulfatase)  but  rather  one  enzyme  that  is  capable  of  catalyzing  the  cleavage  of 
both  substrates. 

2.  A  precipitating  antibody  has  been  produced  in  rabbits  injected  with 
noimal  human  arylsulfatase  A.  This  material  cross-reacts  with  material  in  the 
urine  of  two  patients  with  metachromatic  leukodystrophy.  This  finding  indi- 
cates that  a  protein  similar  to  arylsulfatase  A  is  produced  in  metachromatic 
leukodystrophy  but  that  it  lacks  sufficient  enzymatic  activity. 

3.  The  use  of  the  antibody-substituted-sepharose  column  to  facilitate 
the  purification  of  arylsulfatase  A  has  not  been  successful.  It  appears  that 
the  enzyme  is  so  tightly  bound  by  the  substituted  sepharose  that  only  strong 
denaturing  agents  are  capable  of  removing  it.  Following  this  procedure,  it 
has  not  been  possible  to  obtain  enzymatically  active  material. 

4.  The  liver  contains  approximately  four  times  as  much  arylsulfatase  A 
as  does  the  kidney.  Approximately  1  mg  of  arylsulfatase  A  can  be  extracted 
from  100  g  of  human  liver.  The  purest  preparations  of  arylsulfatase  A  from 
liver  had  one  band  en  alkaline  polyacrylamide  gel  electrophoresis  but  two 
bands  on  acid  polyacrylamide  gel  electrophoresis.  The  major  band  (greater 
than  90%)  was  arylsulfatase  A;  it  was,  however,  impossible  to  remove  the  minor 
contaminant.  The  material  from  the  liver  cross -reacted  with  the  antibody  pre- 
pared against  urinary  arylsulfatase  A  and  formed  lines  of  identity. 

5.  Further,  as  in  the  case  of  the  urinary  enzyme,  the  relative  specific 
activity  recovered  following  each  stage  of  the  purification  was  the  same 
v^ether  nitrocatecholpara-p  -  nitrocatecholsulfate  -  or  sulfatide  were  used  as 
substrate.  The  pH  optimum  of  the  enzyme  from  the  liver  was  4.3  to  4.4  com- 
pared with  a  value  of  4.75  for  the  urine.  When  the  pH  of  a  solution  of  rela- 
tively pure  liver  arylsulfatase  A  was  lowered  to  5.2  and  the  ionic  strength 
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was  lowered  belcw  0.01,  the  en2yine  protein  began  to  come  out  of  soluticn 
rapidly.     This  material  may  be  brougjit  back  into  solution  by  raising  the  pH. 
It  is  then  enzymatically  active.     At  pHs  around  7,   the  enzyme  appears  to  have 
a  molecular  wei^t  of  around  100,000,  \diile  at  pH  of  5,  the  enzyme  has  an 
apparent  molecular  weight  of  around  400,000  based  on  diromatography  on  Sepha- 
dex  G-200.     Such  observations  were  not  discovered  with  the  urinary  enzyme  but 
have  been  described  by  Roy  in  an  ox  liver  arylsulfatase  A. 

5.  Arylsulfatase  B  has  been  partially  purified  from  human  liver  hano- 
genates.     The  55-75%  ammcnium  sulfate  fraction  contained  most  of  this  enzyma- 
tic activity  and  it  was  determined  that  this  material  was  essentially  devoid 
of  arylsulfatase  activity,  utilizing  both  p-nitrocatecholsulfate  as  substrate 
and  sulfatide.     Arylsulfatase  B  was  partially  purified  by  treatment  with  DEAE 
and  Sephadex  G-200  and  had  an  apparent  molecular  weight  of  approximately 
70,000.     Treatment  of  the  arylsulfatase  A  with  neuraminidase,  even  over  a  pro- 
Icsiged  period  of  time,  did  not  produce  an  enzyme  with  either  the  electro- 
phoretic  characteristics  or  the  enzymatic  characteristics  of  arylsulfatase  B. 
It  would,  therefore,  seem  apparent  that  arylsulfatase  A  and  B  represent  two 
different  enzyme  proteins. 

6.  Amniotic  fluid  cells  were  obtained  from  three  pregnancies  at  risk  for 
metachromatic  leukodystrophy.     In  each  case  it  was  predicted  that  the  fetus 
would  be  normal,  because  the  arylsulfatase  A  actiArity  in  the  cells  cultured 
from  the  amniotic  fluid  were  normal.     All  three  children  are  now  at  least 
three  months  of  age  and  appear  to  be  healthy,  normal  infants. 

Significance  to  Biomedical  Researdi  and  the  Program  of  the  Institute: 

Tissue  storage  of  lipids  is  a  principal  process  in  atheroma  formation. 
Studies  viiich  elucidate  abnormalities  in  lipid  metabolism  and  which  provide 
new  means  for  the  differentiation  of  biochemical  defects  offer  useful  new 
approaches  which  may  yield  specific  clues  to  the  process  of  atherogenesis. 
Moreover,  perpetuation  of  metabolic  disorders  in  tLssue  culture  cells  makes 
possible  a  detailed  approach  to  the  pathogenesis  and  control  of  metabolic  dis- 
orders.    In  addition,  this  perpetuation  in  cultured  cells  may  facilitate  the 
study  of  the  genetic  defect  in  the  various  lipid  storage  disorders.     Hie  puri- 
fication of  the  various  acid  hydrolases     may  permit  detailed  understanding  of 
several  lipid  storage  disorders  at  the  molecular  level,  and  thereby  facilitate 
our  understanding  of  the  process  of  lipid  accumulation  within  tissues .     It  is 
also  possible  that  the  delineaticn  of  the  precise  (and  presumed)  amino  acid 
substitution  in  the  aberrant  enzymes  present  in  the  various  lipid  storage  dis- 
orders may  facilitate  our  understanding  of  the  process  by  vdiich  lipid  accumu- 
lation may  occur  in  vessel  walls. 

Proposed  Course: 

Further  purification  of  normal  and  abnormal  human  arylsulfatase  A  in 
order  to  characterize  the  mutant  human  arylsulfatase.     The  mutant  enzyme  cross - 
reacts  with  antibody  to  the  normal  enzyme  and  it  may  therefore  be  possible  to 
obtain  at  least  small  amounts  of  the  material  in  order  to  characterize  it 
further. 
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Project  Description: 

Objectives: 

The  principal  objective  o£  this  study  is  development  o£  an  inclusive 
method  for  determination  of  sinple  and  complex  lipids,  including  the  neutral 
glycolipids,  the  gangliosides,  the  plasmalogens ,  conqjlex  sterols  and  sterol 
esters,  and  partial  glycerides  in  plasma  and  tissues,  for  purposes  of  im- 
proved diagnosis  of  the  already  established  lipidoses  and  evaluation  of 
heretofore  unknown  lipid  storage  diseases.  The  human  liver  has  been  iced  as 
the  prototype  tissue  source;  the  spleen,  lynph  nodes  and  adrenal,  however, 
have  also  been  studied.  The  methodology  is  particularly  needed  to  gain  in- 
sight into  the  biochemical  interrelationships  of  each  of  these  lipid  classes 
and  siib- classes  to  each  other  and  to  the  other  major  lipid  classes. 

Methods : 

Lipids  were  extracted  from  liver  specimens  (ai^d  other  organs)  with 
chloroform:  methanol   (2:1)  and  partitioned  according  to  Folch.       In  those  ex- 
periments in  v^ich  the  plasmalogens  and  relatively  polar  compounds  were  being 
examined,   the  residue  of  the  material  extracted  by  the  chloroform:  methanol 
was  reextracted  with  chlorofonn: methanol  (1:2)  and  the  mixture  was  then  fil- 
tered through  a  sintered  glass  filter.     The  residue  from  this  extraction  was 
then  extracted  by  refluxing  ovemi^t  in  chloroform:  methanol   (1:2).     Ihe  com- 
bined lipid  extract  was  taken  to  dryness  and  then  partitioned  according  to 
the  method  of  Folch.     The  lower  phase  was  subjected  to  silicic  acid  chroma- 
tography.    The  following  fractions  were  obtained:    (1)  neutral  lipids, 
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(2)  neutral  glycolipids    (contaminated  with  small  amounts  of  piiospholipid) 
and  (3)   the  remaining    phospholipids  including  the  plasmalogens.     Oiolesterol, 
cholesteiyl  ester  and  glycerides  were  determined  by  automated  tediniques.  The 
structure  of  con^jlex  steroids  was  confirmed  by  nuclear  magnetic  spectrometry 
and  by  gas-liquid-mass-spectrometry.     Phospholipids  in  the  glycolipid  fraction 
were  removed  by  alkaline  methanolys is .     The  glycolipids  were  separated  by 
thin- layer  chromatography  and  their  carbohydrate  composition  determined  by 
gas  chromatography  of  their  tri-methylsilyl   (TMS)  derivatives  following  acid 
methanolysis.     This  technique  also  permitted  the  determination  of  the  amount 
of  each  glycolipid  present  in  the  liver  sample.     The  phosjiiolipid  composition 
was  determined  en  a  separate  aliquot  of  the  lower  phase.     The  gangliosides  in 
the  upper  phase  were  studied  by  thin- layer  and  gas- liquid  chromatography,   and 
by  the  detemiination  of  the  amounts  of  sialic  acid  in  each  class  of  ganglio- 
s  ides . 

Major  Findings: 

1.  Techniques  have  been  developed  for  analyzing  all  of  the  major  lipid 
classes  and  sub-plasses  in  human  tissue.     The  normal  values  and  ranges  for 
these  lipids  have  been  presented  in  a  prior  annual  report  (NHLI-264(c)). 

2.  The  use  of  the  techniques  developed  in  this  study  have  permitted  the 
post-mortem  confirmation  of  three  cases  of  Niemann-Pick  disease,  type  A,  diag- 
nosed ill  utero.  In  addition,  two  cases  of  G^.,  gangliosidosis  haA/e  also  been 
confirmed  and  a  case  of  Niemann-Pick  disease  of  unkncwn  type.  In  addition, 
one  case  of  metachromatic  leukodystrophy  has  been  diagnosed  in  utero  and  con- 
firmed at  abortion. 

3.  Analyses  of  post-mortem  samples  of  liver,  spleen  and  adrenals  of  two 
patients  with  Wolman's  disease  revealed  the  accumulation  of  the  following 
sterols:    7  alpha- Ify'droxycholesteryl  ester,  7  beta-Hydroxy-,   7  Keto-,  5-6  alpha- 
epoxy-  and  5-6  beta-epoxy-cholesteryl  esters.  These  conpounds  have  been 
isolated  and  identified  by  gas  chromatography,  mass  spectroscopy,     and  NMP 
spectrometry. 

Significance  to  Biomedical  Researdi  and  the  Program  of  the  Institute: 

Tissue  storage  of  lipids  is  a  principal  process  in  atheromata  formation. 
Studies  which  elucidate  abnormalities  in  lipid  metabolism  and  provide  new 
means  for  the  detection  of  biochemical  defects  offer  useful  new  approaches 
idiidi  may  yield  specific  clues  to  the  process  of  atherogenesis. 

Proposed  Course: 

Investigation  of  tissues,  particularly  liver,  spleen  and  adrenal,   from 
patients  vAio  have  died  of  previously  unclassified  lipidoses. 

Publications : 

None 
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Project  Description: 

Cbjectives: 

To  inprove  the  knowledge  o£  the  biochemical  and  the  enzymatic  basis  o£ 
the  genetically  determined  tissue  lipid  storage  disorders  as  well  as  to  im- 
prove diagnostic  techniques  for  both  the  patients  and  possible  heterozygous 
carriers.     Preliminary  findings  in  this  laboratory  several  years  ago  indi- 
cated that  tissue  culture  cells  derived  from  the  bone  marrow  and  skin  of 
patients  with  Niemann-Pidc  disease,  types  A  and  B,  had  a  markedly  depressed 
level  of  the  enzyme  vhich  cleaves  sphingomyelin,  and  furthermore,  that  some 
of  these  cell  lines  had  an  abnormally  hi^  sj^ingomyelin  content.     This  type 
of  investigation  has  been  extended  to  a  large  group  of  patients  with:     Gau- 
cher's  disease,  sulfatide  lipidosis,  Fabry's  disease,  (1,,  Gangliosidosis, 
WoLnan's  disease,   and  Cholesteryl  Ester  Storage  Disease.     Ihese  diseases 
offer  a  model  of  great  interest  for  a  study  of  the  lipid  storage  within  tis- 
sues. 

The  discovery  of  the  new  technique  of  cell  hybridizaticn  has  opened  an 
additicnal  path  for  the  study  of  these  inherited  metabolic  disorders.     Hy- 
brids of  many  types  of  cells  are  being  prepared  at  this  time.     Hybrids  that 
are  of  particular  interest  include:  hybrid  cell  lines  produced  by  crosses 
between  fibroblast- like  cells  fran  patients  with  different  forms  of  Niemann- 
Pick  disease,  different  forms  of  Gaucher' s  disease,  and  different  forms  of 
(1,,  Gangliosidosis.     Hybrids  are  also  being  prepared  with  cells  from  indivi- 
duals with  the  various  lipid  storage  diseases  and  with  moiase  L- cells. 
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Methods : 

Patients  suspected  of  having  one  o£  the  lipid  storage  disorders  are  ad- 
mitted either  to  the  outpatient  clinic  or  to  the  Clinical  Center  for  evalua- 
tion, including  biopsy  for  chemical  and  enzymatic  studies  as  indicated.     In 
addition,  skin  biopsies  are  obtained  and  the  resulting  tissue  is  propagated 
in  tissue  culture.     The  cells  are  cultivated  and  processed  as  described  in 
previous  reports.     Homogenates  and  sonicates  of  solid  tissues  and  tissue  cul- 
ture cells  are  prepared  for  enzymatic  analyses  as  previously  described. 

Methods  have  been  developed  for  labeling  five  canplex  lipids  with  radio- 
active isotopes.     Sphingonyelin,  galactosyl  ceramide,  glucosyl  ceramide, 
Ganglioside  G^n,  and  sulfatide  have  been  labeled  specifically  in  the  choline, 
galactose,  glucose,  galactose,  and  sulfate  moiety,  respectively.     In  addition, 
the  chemical  synthesis  of  cholesteryl  oleate  (labeled  in  the  1-caibcn  of  pal- 
mitic acid),  a-mcnoolein  (labeled  in  the  l-carbon  of  oleic  acid),  and  hexa- 
decanyl-1,   2-dioleate  (labeled  in  the  1-caibon  of  the  oleic  acids)  have  been 
achieved.     In  addition,   the  dioleate  esters  of  several  long-chain  diols  have 
been  synthesized.     With  the  use  of  these  substrates  and  several  commercially 
available  nitrophenyl  derivatives,   tissue  specimens  and  tissue  culture  cells 
from  over  200  individuals  have  been  carefully  studied. 

It  has  been  demonstrated  that  many  of  the  lysosomal  hydrolases  are  stable 
following  extraction  in  butanol.     This  has  permitted  significant  delipidation 
and  further  purification  of  several  sphingolipid  hydrolases.     In  addition,  a 
novel  method  of  purifying  sphingolipid  hydrolases  has  also  been  developed  and 
extended.     Sphingomyelin  has  been  deacylated  and  the  resulting  sphingosyl- 
phosphorylcholine  has  been  covalently  bonded  to  sepharose  with  water-soliile 
carbodiimides.     Sphingomyelin  acid  hydrolase  binds  avidly  to  the  altered 
sepharose.     A  similar  technique  has  been  enployed  with  glucosyl  ceramide  and 
sulfatide.     Artificial  analogues  of  sphingonyelin,  sulfatide  and  cholesteryl 
ester  (p-nitrophenyl  phosphoryl choline,  p- amino  catchol  sulfate,  and  choles- 
teryl hemisuccinate)  have  also  been  chemically  bonded  to  sepharose  in  a  simi- 
lar fashion.     These  artificial  analogues  of  the  complex  lipids  have  been  use- 
ful in  further  purification  of  these  sphingolipid  hydrolases. 

The  injection  of  Triton  WR  1339,  a  non-hemolytic  detergent  into  the  tail 
vein  of  rats  has  permitted  the  isolation  of  various  subcellular  -rat  liver 
fractions,  including  nuclei,  mitochondria,  plasma  membranes,   lysosomes,  and 
endoplasmic  reticulum  in  a  very  hi^  degree  of  purity.     The  presence  of  a 
sphingomyelin  cleaving  activity  has  been  extensively  studied  in  these  various 
rat  liver  subcellular  fractions.     Studies  with  the  purified  subcellular  frac- 
tions from  rat  liver  indicate  that  almost  all  of  the  sphingonyelin  cleaving 
activity  at  pH  4-5  resides  in  the  lysosomes.     A  small  amount  may  also  be 
present  in  the  plasma  membranes;   the  presence  of  this  activity  in  plasma  mem- 
branes, however,  may  be  due  to  the  contamination  of  the  plasma  membrane  frac- 
tion with  small  amounts  of  lysosomes.     It  was  previously  reported  by  workers 
in  other  laboratories  that  significant  amounts  of  sphingonyelin  cleaving 
activity  were  present  in  mitochondria  from  rat  liver.     The  purity  of  our  mito- 
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diaidria  (and  the  absence  from  them  of  lysosomes)  has  been  definitively  con- 
firmed by  proper  control  marker  enzymes  and  electron  microscopic  studies.     In 
these  higjily  purified  mitochondria  we  found  essentially  no  sphingranyelin 
cleaving  activity  at  acid  pH. 

In  addition,  a  method  has  been  developed  for  the  partial  purification  of 
the  enzyme  acid  cholesteryl  ester  lydrolase  from  normal  human  tissue.     The 
techniques  that  were  utilized  included  aninonium  sulfate  fractionation,  ace- 
tone fractionation,  ethanol  fractionation,  DEAE  cellulose  chromatography, 
CMC-cellulose  chroma tograjiiy,  and  Sephadex  G-lOO  and  G-200  colunn  chromatogra- 
phy. 

Major  Findings: 

1.  It  has  been  demonstrated  that  both  sphingomyelin  and  cholesterol  are 
elevated  to  a  marked  degree  in  Niemann-Pick  disease,  types  A  and  B.     It  has 
also  been  shown  that  there  is  a  modest  accumulation  of  these  two  lipids  in 
Niemann-Pick  disease,  types  C  and  D.     The  presence  of  a  complex  phospholipid, 
probably  lyso-bis-phosphatidic  acid,  has  been  observed  in  liver  tissue  from 
patients  with  many  different  types  of  lipid  storage  disorders  that  have  not 
been  precisely  classified  at  this  time. 

2.  Analyses  of  serum  lipids  from  patients  with  various  lipid  storage 
diseases  have  demonstrated  that  the  major  lipidoses  cannot  be  detected  sinply 
by  analyzing  the  lipid  pattern  of  the  plasma  of  such  patients. 

3.  A  marked  decrease  in  sjiiingonyelin  cleaving  enzyme  was  demonstrated 
in  tissue  ciiltures  from  patients  with  the  classical,  infantile  form  of 
Niemann-Pick  disease  (type  A)   and  the  patients  with  the  juvenile -visceral 
(non-neurological)  form  of  this  disorder,  type  B.     The  enzymatic  activity  is 
normal  or  above  nonnal  in  both  solid  tissue  and  in  tissue  cultures  derived 
from  patients  with  types  C  and  D  Niemann-Pick  disease.     Recently  three  patients 
have  been  observed  in  \diom  there  was  obvious  neurological  and/or  ophthalmolog- 
ical  involvement.     It  is  clear  that  these  patients  are  too  old  to  have  the 
classical  type  A  form  of  the  disease.     Ch  the  other  hand,   they  do  not  fit  the 
usual  pattern  observed  in  patients  with  the  non-neurological  (type  B)   form 

of  the  disorder.     These  individuals  obviously,  therefore,  either  represent  an 
additional  form  of  Niemann-Pick  disease  or  Niemann-Pick  disease  type  B  com- 
plicated by  an  underlying  disease  process. 

4.  Normal  ranges  for  the  enzymes  involved  in  the  catabolism  of  all  of 
the  sphingolipids  have  been  established  for  human  fibroblasts.     In  addition, 
nonnal  values  have  also  been  obtained  for  normal  amniotic  fluid  cells   (amnio- 
tic fluid  obtained  at  different  ages  of  gestation) .     With  the  use  of  these 
values  and  the  techniqiaes  for  producing  the  appropriate  radioactive ly- labeled 
siistrate,   it  has  been  possible  to  confirm  or  diagnose  a  significant  number 

of  patients  with  Niemann-Pick  disease,  Gaudier's  disease,  Fabry's  disease,  and 
G|^  Gangliosidosis. 
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5.  Analyses  of  amniotic  fluid  obtained  from  pregnancies  at  risk  for 
having  any  of  the  several  lipid  storage  disorders  noted  above  have  been  sub- 
jected to  enzyme  analysis.     At  this  point  five  amniotic  fluid  cell  lines  have 
been  analyzed  from  patients  with  Niemann-Pick  disease.     It  was  predicted  that 
two  of  these  would  have  been  affected  by  the  disease,  and  in  each  case  analy- 
ses of  tissues  obtained  from  the  aborted  fetuses  confirmed  the  findings.     The 
three  other  fetuses  were  allowed  to  reach  full  gestational  age  and  are  normal 
at  this  time.     In  addition,   five  pregnancies  at  risk  for  G^,  Gangliosidosis 
have  been  evaluated.     Two  of  these  fetuses  were  determined^to  be  affected  with 
the  disease  and  were  aborted,  and  analyses  confirmed  the  diagnosis.     The  other 
fetuses  were  permitted  to  develop  normally  and  the  children  are  normal  at  this 
point. 

6.  Sphingomyelin  cleaving  enzyme,  glucocerebroside  cleaving  enzyme, 
Gw,  Ganglioside-g-galactosidase,  and  arylsulfatase-A  have  all  been  purified 
from  human  liver  by  a  combination  of  the  techniques  of  classical  enzyme  chem- 
istry and  affinity  chromatography.     In  several  cases,  purifications  of  over 
10,000  fold  have  been  obtained,  but  only  one  enzyme,  arylsulfatase-A,  has 
been  obtained  in  pure  form. 

7.  The  death  of  the  first  patient  with  Qiolesteryl  Ester  Storage  Disease 
(CESD)  has  proviided  the  first  opportunity  to  determine  the  breadth  of  tissue 
involvement  in  this  disorder  and  to  demonstrate  that  this  involvement  is  gen- 
eralized, and  not  localized,  to  the  liver,  as  had  been  previously  believed. 
Qiolesteryl  ester  and  triglyceride  accumilation  was  demonstrated  in  the  liver, 
spleen  and  lynph  nodes  of  the  patients  with  Cholestery^l  Ester  Storage  Disease 
(CESD) .     The  enzymatic  defect  in  the  disease  Cholesteryl  Ester  Storage  Disease 
(CESD)  has  been  defined.     Homogenates  of  tissue  (liver,   spleen,   lymph  node  and 
skin  fibroblasts)  from  patients  with  CESD  do  not  catalyze  the  cleavage  of 
either  cholesteryl  oleate,  cholesteryl  palmitate,   tripalmitin,  or  triolein. 

A  similar  defect,  employing  radioactively  labeled  siijstrate,  has  been  demon- 
strated in  two  patients  with  Wolman's  disease.     The  synthesis  of  the  conpound 
DL-hexadecanyl-l,2-dioleate  has  enabled  us  to  differentiate  Wolman's  disease 
from  Cholesteryl  Ester  Storage  Disease  by  the  use  of  the  appropriate  enzymatic 
analysis.     Liver  from  a  patient  with  Cholesteryl  Ester  Storage  Disease  can 
catalyze  the  cleavage  of  this  conpound  at  the  ester  linkage,  v^ereas  the  liver 
from  two  patients  with  Wolman's  disease  cannot.     Mareover,  spleen  and  lymph 
node  homogenates  from  patients  with  CESD  catalyzed  the  cleavage  of  this  com- 
pound at  less  than  30  to  40^  of  normal  tissues,  whereas  similar  tissues  from 
two  patients  with  Wolman's  disease  cleaved  this  conpound  at  about  8%  of  the 
normal  rate.     The  enzyme  acid  cholesteryl  ester  hydrolase  has  been  extensively 
studied  by  the  methods  described  above.     Sephadex  gel  chromatography  indicates 
that  the  molecule  can  be  obtained  in  a  soluble  form  with  a  molecular  weight 
in  the  range  of  40  to  50,000. 

8.  Althou^  the  enzyme  is  stable  in  liver  for  long  periods  of  time,   the 
enzyme  rapidly  becomes  unstable  to  freezing  following  even  small  degrees  of 
purification.     A  key  step  in  the  purification  of  the  enzyme,  a  butanol  extrac- 
tion, must  be  done  at  precisely  5°  or  almost  all  of  the  enzymatic  activity  is 
lost.       Attenpts  to  purify  the  enzyme  on  DEAE  cellulose  have  been  totally 
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tmsuccessfiil.     The  enzyme  adheres  tigjitly  to  DEAE  cellulose  and  cannot  be 
removed  in  an  enzymatically  active  form.     In  contrast,  chromatography  en  CMC 
cellulose  results  in  significant  purification  of  the  enzyme.     The  enzyme  ad- 
heres to  the  column- packing  material  at  pH  3  and  at  an  ionic  strength  of 
approximately  0.1  M.     The  enzyme  may  be  eluded  from  the  column  by  either  a 
slight  increase  in  the  salt  concentration  (a  linear  gradient  between  0.1  and 
0.5  M  sodium  citrate)  or  by  a  gradual  elevation  of  the  pH.     In  homogenates  of 
liver  the  activity  of  triglyceride  lipase  when  con^jared  with  cholesteryl  ester 
revealed  that  the  triglyceride  lipase  was  approximately  ten  to  fifty  times  as 
active  as  the  cholesteryl  ester.     In  attenqjts  to  purify  the  one  enzyme  fran 
the  other,  it  has  been  observed  that  even  in  the  purest  preparations  of  cho- 
lesteryl ester  (representing  10  to  20,000  fold  purification  of  the  enzyme) 
there  is  always  some  small  residual  activity  of  triglyceride  lipase.     In  the 
purest  preparations  of  acid  cholesteryl  ester  hydrolase  the  ratio  of  the 
activity  towards  cholesteryl  ester  as  con5)ared  with  triglyceride  was  approxi- 
mately 24  to  1.     Seme  properties  of  the  acid  cholesteryl  ester  hydrolase  in- 
dicate that  it  has  a  rather  broad  pH  optimum  between  pH  3  and  7,  althou^ 
the  maximum  activity  occurs  at  pH  4.     The  purest  preparations  still  demonstra- 
ted three  protein  bands  on  polyacrylamide  gel.     The  largest  of  these,  making 
i^  approximately  70%  of  the  protein,  as  estimated  by  densitometric  techniques, 
was  cholesteryl  ester  hydrolase. 

9.     Cell  lines  have  been  started  from  eight  patients  with  type  III 
hyperlipoproteinemia  and  five  patients  with  the  homozygous  form  of  type  II 
hyperlipoproteinemia.     The  activity  of  the  enzyme  hydroxy-methyl-glutaryl  co- 
enzyme A  reductase  has  been  qiiantified  in  these  cell  lines.     A  new,  rapid 
method  for  measuring  the  activity  of  this  enzyme  has  been  developed.     The 
ratio  of  •'H- acetate:   -'■^C-mevalonic  acid  incorporation  into  cholesterol  has 
also  been  quantified  in  these  cell  lines  and  conpared  with  those  from  normal 
individuals . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Tissue  storage  of  lipids  is  a  principal  process  in  atheroma  formation. 
Studies  which  elucidate  abnormalities  in  lipid  metabolism  and  v^ich  provide 
new  means  for  the  differentiation  of  biochemical  defects  offer  useful  new 
approaches  \diich  may  yield  specific  clues  to  the  process  of  atherogenesis. 
Nforeover,  a  perpetuation  of  metabolic  disorders  in  tissue  culture  cells  makes 
possible  a  detailed  approach  to  the  pathogenesis  and  control  of  metabolic 
disorders.     In  addition,  this  perpetuation  may  facilitate  the  stiidy  of  the 
genetic  defect  in  the  various  lipid  storage  disorders.     The  purification  of 
the  various  sphingolipid  hydrolases  may  permit  detailed  understanding  of 
several  lipid  storage  disorders  at  the  molecular  level,  and  thereby  facilitate 
our  understanding  of  the  process  of  lipid  accumulation  within  tissues. 

Proposed  Course: 

1.  Quantification  of  the  sphingomyelin  cleaving,  the  6-glucosidase; 
the  Gjin-3-galactosidase,  and  the  sulfatide  sulfatase  enzyme  activities  in 
parents   (heterozygotes)  of  patients  in  con^jarison  with  normals. 
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2.  Determination  of  the  defect  in  the  primary  protein  structure  of  the 
abnormal  sphingonyelin  cleaving  enzymes  in  two  types  of  Niemann-Pick  disease, 
two  types  of  Gaudier 's  disease,  and  in  the  Gw,  Gangliosidoses. 

3.  Further  studies  of  the  activities  of  the  various  sphingolipid  hydro- 
lases in  tissue  culture  cells  derived  from  skin  and  aimiotic  fluid. 

4.  Further  delineation  of  the  extent  and  precise  nature  of  the  enzymatic 
abnormalities  in  Cholesteryl  Ester  Storage  Disease  and  in  Wolman's  disease. 
Specifically,  the  stu(^  of  the  extent  and  breadth  of  the  enzymatic  deficiency 
throu^out  various  organs  of  the  body  will  be  studied,  en^jloying  both  natural 
and  several  artificial  substrates  that  have  been  chemically  synthesized.     If 

a  new  patient  with  Wolman's  disease  is  referred,  a  detailed  study  of  bile 
acid  metabolism  will  be  undertaken. 

5 .  Study  of  sphingolipid  hydrolase  activities  in  human  platelets . 

6.  Further  purification  of  acid-triglyceride  lipase  and  acid- cholesteryl 
ester  hydrolase  will  be  pursued.     Specifically,  attenpts  will  be  directed 

at  attempting  to  separate  these  two  enzymatic  activities  from  each  other. 

Publications: 

1.  Breslow,  J.  L. ,  Sloan,  H.  R. ,  Ferrans,  V.  J.,  Anderson,  J.  L.,  and 
Levy,  R.  I.:  Qiaracterization  of  the  mouse  liArer  cell  lines  FL83B. 
Exptl.  Cell  Res.   78:   441-453,   1973. 
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Individioal  Project  Report 
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Project  Title:  Tissue  Lipidoses:  Microscopic  Studies  in  Tissue 

Lipid  Storage  Diseases 

Previous  Serial  Number:  NHLI-273(c) 

Principal  Investigators:  Howard  R.  Sloan,  M.D. ,  Hi.D. 

Dcnald  S.  Fredrickson,  M.D. 

Other  Investigators:  Stephen  Demosky,  B.S. 

Bristol  WilliamsCTi 

Cooperating  Uhits:  Victor  J.   Ferrans,  M.D. ,  Ph.D. 

Section  of  Pathology,  NHLI 

Project  Description: 

Objectives: 

To  improve  the  knowledge  of  the  biochemical  basis  of  the  genetically 
determined  tissue  lipid  storage  diseases  as  well  as  to  iii5)rove  diagnostic 
techniques  for  both  the  patients  and  possible  heterozygous  carriers.     Also,  to 
demonstrate  the  nature  of  the  microscopic  abnormalities  in  the  tissue  lipid 
storage  diseases  and  in  the  hyperlipoproteinemias.     It  has  been  loiown  that 
lipid  laden  macrophages  from  patients  with  various  lipid  storage  disorders 
and  hyperlipoproteinemias  can  be  demonstrated  in  tiie  bene  marrow.     The  stucfy 
of  the  light  and  electron  microscopic  e^pearance  of  these  macrophages  may  pro- 
vide further  understanding  of  the  process  by  lAich  lipid  is  stored  within 
tissues  in  pathological  conditions. 

Methods : 

Patients  with  various  lipid  storage  diseases  and  hyperlipoproteinemia 
are  admitted  for  eA/aluation  including  biopsy  of  the  bone  marrow  and/or  liver.    , 
Small  sections  of  the  liver  and  other  tissues  are  fixed  in  Baker's  formalin,  /' 
phosphate-buff ered  Glutaraldehyde ,  and  digitonin-Glutaraldehyde.  Spicules  of/ 
bone  marrow  are  fixed  in  a  similar  fashion.  Sections  are  prepared  from  each 
of  these  tissues  for  examination  with  the  light  and  electron  microscope.   / 

7 

In  addition,   tissue  culture  cells  have  been  grown  on  cover  slips     and 
have  been  incubated  with  5-bromo-4-chloro-3-indolyl-B-galactopryanoside  (BCI- 
gal).     Peripheral  leukocyte  cultures  and  10  p  thick  sections  of  human  liver. 
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spleen  and  kidney  have  also  been  incubated  with  this  histodiemical  substrate. 
The  blue  color,  resulting  from  the  fbrmation  of  indigo  following  cleavage  of 
the  terminal  galactose  of  this  molecule,  indicates  the  presence  of  6-galacto- 
sidase  activity  in  the  tissue.     Although  it  has  been  possible  to  extend  the 
method  to  use  BCI-glucose  and  BCI-sulfate,  the  lise  of  these  substrates  has  not 
enabled  us  to  diagnose  either  Gaucher 's  disease  or  metachromatic  leukodystro- 
0iy  by  the  use  of  histochemical  techniques. 

Electron  microscopic  examinaticn  of  tissues  from  patients  with  the  lipid 
storage  diseases  and  the  hyperlipoproteinemias  have  been  performed  according 
to  standard  techniques.     In  addition,  a    detailed  study  of  the  auto-fluores- 
cence of  macrophages  in  various  lipid  storage  diseases  has     been  undertaken. 

Major  Findings: 

1.  Ihe  use  of  the  BCI-gal  assay  has  permitted  the  first  and  second 
intrauterine  diagnosis  of  cases  of  d.,  gangliosidosis.     This  technique  has 
also  permitted  the  diagnosis  of  two       additional  cases  of  G^,     gangliosidosis 
in  utero.         The  technique  has  also  predicted  that  four  fetuses  known  to  be  at 
risk  for  (1,,   gangliosidosis  would  be  normal.       Chemical,  enzymatic,  microsco- 
pic,  and  histochemical  studies  of  tissues  from  the  abortuses  haAre  verified  the 
diagnoses.     In  addition,  the  clinical  course  of  those  fetuses,  adjudged  by 
histochemical  and  enzymatic  tests  to  be  normal,  have  verified  the  in  utero 
diagnosis. 

2.  Significant  differences  have  been  demonstrated  at  the  electron  micro- 
scopic level  between  the  lipid- laden  macrophages  observed  in  various  forms  of 
Niemann- Pick  disease.     These  differences  do  not,  at  this  time,  however,  per- 
mit a  definite  diagnosis.     In  addition,  the  electron  microscopic  appearance 

of  macrophages  from  patients  with  Gaucher's  disease,  GL.,     gangliosidosis, 
Tangier  disease,   and  the  various  hyperlipoproteinemias  nave  been  carefully 
studied. 

3.  It  has  been  determined  that  the  auto- fluorescence  analysis  of  macro- 
phages in  various  lipid  storage  diseases  demonstrates  the  presence  of  fluores- 
cent material  in  almost  all  of  the  lipid  storage  diseases.     It  is  not  possible 
at  this  time  to  make  a  definitive  diagnosis  of  any  of  the  lipid  storage  dis- 
eases based  on  the  auto- fluorescence  spectrum  obtained  from  examination  of  the 
lipid  laden  macrophages. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Tissue     storage  of  lipids  is  a  principal  process  in  atheroma  formation. 
Light  microscopic  and  electron  microscopic  studies  may  help  to  elucidate  the 
mechanism  by  v^ich  lipid  is  stored  within  tissues  in  varioios  pathological 
conditions  and  may  provide  specific  clues  to  the  study  of  the  process  of 
atherogenesis. 

Proposed  Course: 
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1.  Extension  o£  the  electron  microscopic  study  of  the  macrophages  found 
in  tissue  and  bone  marrow  from  patients  with  the  lipid  storage  disorders  with 
the  aid  of  a  new  high  resolution  electron  microscope. 

2.  Continued  study  of  the  auto- fluorescence  of  these  macrophages. 

3.  Electron  microscopic  examination  of  fibroblasts  derived  from  patients 
with  various  lipid  storage  diseases  and  the  hyperlipoproteinemias,  including 
patients  who  are  homozygous  for  type  II  hyperlipoproteinemia. 

Publications: 

1.  Sloan,  H.  R. ,  and  Breslow,  J.:  Foam  cells.  In  Nathan  D. ,  and  Oski,  F. 
(eds.)  Hematology  of  Infancy  and  Childhood.  Saunders,  Phila.,  In  Press. 
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July  1,  1973  through  June  30,  1974 

Project  Title:  Determination  of  the  Primary  Sequence  of  the 

C-Apolipoproteins 

Previous  Serial  Number:       None 

Principal  Investigators:       Richard  S.  Shulman,  M.D. 

Peter  N.  Herbert,  M.D. 
Eve  C.  Church,  M.S. 
Linda  L.  Bausserman,  B.S. 

Other  Investigators:  H.  Bryan  Brewer,  Jr.,  M.D. 

Cooperating  Units:  None 

Project  Description: 

Objectives:  Three  small  proteins,  the  C-proteins  (M.W.  7,000-10,000), 
constitute  approximately  50%  of  the  protein  moiety  of  human  very  low  density 
lipoproteins  (VLDL).   We  have  determined  the  complete  amino  acid  sequence  of 
determining  the  primary  sequence  of  the  third  C-apoprotein,  C-II. 

Methods :  Cleavage  of  the  C-apolipoproteins  was  performed  by  enzymatic 
and  chemical  methods.   The  peptides  were  separated  and  characterized  on  ion 
exchange  chromatography,  gel  chromatography  and  peptide  mapping  on  Whatman 
3MM  paper.  Tryptic  peptides  were  used  for  the  majority  of  the  sequential 
degradations  of  the  peptides.  Edman  degradations  by  the  manual  and  automatic 
techniques  were  performed. 

Major  Findings : 

1.  C-I:  The  complete  amino  acid  sequence  of  apolipoprotein  C-I  was 
determined.   It  is  a  single  chain  of  57  amino  acid  protein. 

2.  C-III:  The  complete  amino  acid  sequence  of  apolipoprotein  C-III  was 
determined.   It  is  a  single  chain  79  amino  acid  protein  with  an  oligosaccharide 
side  chain  at  residue  74. 

3.  C-II:   The  tryptic,  chjnmotryptic,  succinyl  tryptic  and  CNBr  peptides 
of  C-II  have  been  isolated  and  characterized.   Sequential  degradation  of  the 
intact  protein  and  the  peptides  is  in  progress. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  primary  sequence  of  four  of  the  hvtman  plasma  apolipoproteins 
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(including  C-I  and  C-III)  has  been  determined.  The  primary  structure  infor- 
mation is  essential  for  a  full  understanding  of  the  structijre-function 
relationships  governing  the  macromolecular  organization  of  the  plasma  lipopro- 
teins. The  primary  structure  of  C-I  and  C-III  has  contributed  to  our  know- 
ledge of  the  structural  requirements  for  lipophilia.  We  have  been  able  to 
localize  the  lipid  binding  segment  of  C-Ill  to  the  COOH-terminal  portion  of 
the  molecule. 

The  apolipoproteins  found  in  each  of  the  lipoprotein  classes  are  charac- 
teristic of  that  ultracentrifugal  class.  These  studies  are  designed  to 
elucidate  the  structural  requirements  for  these  specific  affinities  and  to 
correlate  the  structural  requirements  to  the  functions  of  the  apolipoproteins. 

The  primary  structure  of  C-I I  when  compared  to  the  other  known  sequences 
should  be  very  instructive.  Further,  C-II  is  of  special  interest  because  it 
is  the  one  apolipoprotein  which  has  consistently  been  shown  to  have  a  specific 
ftjnction:  it  is  a  co-factor  in  the  activation  of  lipoprotein  lipase.  The 
structural  studies  on  C-II  will  enable  us  to  investigate  the  ftmctional 
correlates  with  respect  to  enzyme  activation. 

Proposed  Course: 

1.  We  will  finish  the  1"  sequence  studies  of  C-II. 

2.  We  will  attempt  to  determine  the  active  site(s)  of  C-II,  both  in 
terms  of  its  enzyme  activation  function  and  its  lipophilia. 

3.  The  above  two  goals  should  contribute  significantly  to  o\jr  overall 
understanding  of  the  structural  interrelationships  of  the  lipoproteins,  which 
in  turn  is  basic  to  understanding  the  molecvilar  physiology  of  these  particles. 

Publications : 

1.  Shulman,  R.  S. ,  Herbert,  P.  N. ,  Wehrly,  K. ,  and  Fredrickson,  D.  S. :  The 
complete  amino  acid  sequence  of  C-I  (apoLp-ser),  an  apolipoprotein  from 
human  very  low  density  lipoproteins.  J.  Biol.  Chem. ,  in  press. 

2.  Brewer,  H.  B.,  Jr.,  Shvilman,  R.  S.,  Herbert,  P.,  Ronan,  R. ,  and  Wehrly,  K. : 
The  complete  amino  acid  sequence  of  apoLp-alanine  (apoC-III),  an  apolipo- 
protein from  human  plasma  very  low  density  lipoproteins.  J.  Biol.  Chem., 
in  press. 

3.  ShtQjman,  R.  S. ,  Herbert,  P.  N. ,  Fredrickson,  D.  S. ,  Wehrly,  K. ,  and 
Brewer,  H.  B. ,  Jr.:   Isolation  and  alignment  of  the  tryptic  peptides  of 
apoLp-alanine ,  an  apolipoprotein  from  human  plasma  very  low  density  lipo- 
proteins. J.  Biol.  Chem.,  in  press. 
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Project  Description: 

Objectives:  The  study  of  lipoprotein  metabolism  and  interrelations  is 
most  conveniently  undertaken  in  non-human  species  where  isolated  organ  systems 
are  available  and  extensive  perturbation  is  possible.  The  rat  has  been  widely 
employed  for  such  studies,  but  rat  lipoproteins  and  apolipoproteins  remain  in- 
completely characterized.  Such  characterization  of  the  rat  apolipoproteins 
has  been  the  subject  of  study  in  this  laboratory  for  the  last  five  years.  Em- 
ploying orotic  acid  fed  rats,  studies  have  commenced  regarding  the  lipoprotein 
origins  of  the  apolipoproteins. 

Methods :   The  techniques  of  lipoprotein  isolation  and  apolipoprotein 
fractionation  and  characterization  have  been  outlined  in  previous  annual  re- 
ports.  In  addition,  hepatic  liposomes  from  orotic  acid  fed  rats  have  been 
isolated  as  described  by  others  (J.  Lipid  Res.  12_:  450-459,  1970). 

Major  Findings: 

1.  Partial  characterization  of  all  of  the  rat  plasma  apolipoproteins  has 
been  completed  and  homologues  of  all  the  human  apolipoproteins  have  been 
identified. 

2.  Rat  high  density  lipoprotein  apoprotein  is  comprised  of  70-80%  apoA-I. 
ApoA-I  in  the  rat,  as  in  the  human,  is  a  single  polypeptide  chain  without  intra- 
chain  or  interchain  disulfide  baonds.   It's  molecular  weight  is  approximately 
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28,000.  It  has  COOH-tenninal  alanine  (glutamine  in  human  apoA-I)  and  like  its 
human  homologue,  NHj-terminal  aspartic  acid.  The  amino  terminal  sequence  of 
rat  apoA-I  is  very  similar  to  human  apoA-I. 

3.  Whereas  human  apoA-II  consists  of  two  identical  peptide  chains 
(approximately  8,000  M.W. )  connected  by  a  disulfide  bridge,  rat  apoA-II  exists 
in  monomeric  form  and  contains  no  cysteine.  Like  human  apoA-II,  rat  apoA-II 
contains  no  tryptophan  and  has  a  blocked  NH2- terminal  residue.  As  in  the  human, 
rat  apoA-II  is  found  virtually  exclusively  in  the  high  density  lipoproteins  but 
its  relative  concentration  is  lower  than  its  human  homologue. 

U.  ApoC-I  in  the  rat,  as  in  the  human,  is  the  smallest  of  the  apolipopro- 
teins  (6,000  -  7,000  M.W.)  and  distributes  between  high  and  very  low  density 
lipoproteins.  Rat  and  human  apoC-I  are  rich  in  lysine  and  both  lack  tyrosine. 
Rat  apoC-I  has  NH2-terminal  aspartic  acid  and  COOH-terminal  alanine. 

5.  Rat  apoC-II  (approximately  9,000  M.W.)  has  NH2-terminal  threonine, 
COOH-terminal  glutamic  acid,  and  proved  to  be  the  only  rat  apolipoprotein 
capable  of  activating  the  enzyme  lipoprotein  lipase  derived  from  rat  adipose 
tissue.  Rat  apoC-II  does  not  contain  a  glycosidic  linkage. 

6.  Like  the  himian  homologue,  rat  apoC-III  is  the  major  C-apolipoprotein 
and  exists  in  two  major  polymorphic  forms.  Rat  apoC-III  is  about  9,000  M.W. , 
has  NH2-terminal  aspartic  acid  and  is  unique  among  all  the  apolipoproteins 
described  to  date  in  having  COOH-terminal  proline.  One  polymorphic  form,  apoC- 
III-O,  has  no  covalently  linked  carbohydrate,  while  the  other  form,  apoC-III-3, 
has  three  sialic  acid  residues  and  one  galactosamine  residue  in  each  protein 
molecule . 

7.  Preliminary  investigation  of  the  plasma  and  tissue  lipoproteins  or 
orotic  acid  fed  rats  suggests  this  system  may  prove  most  valuable  in  studies  of 
the  intracellular  origins  of  the  apolipoproteins.  Orotic  acid  feeding  produced 
striking  reductions  of  all  classes  of  plasma  lipoproteins.  At  least  two  of  the 
three  C-apoproteins  were  identified  sequestered  in  the  triglyceride-rich  hepatic 
liposomes . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  complete  characterization  of  the  rat  apolipoproteins  and  the  establish- 
ment of  their  hvmian  homologues  will  now  permit  ready  extrapolation  from  studies 
of  rat  lipoprotein  physiology  to  problems  in  the  human.  The  orotic  acid  rat, 
specifically,  should  contribute  to  our  understanding  of  the  hvman  disease  state 
abetalipoproteinemia . 

Proposed  Course:        j 

1.  Characterization  of  rat  apo-LDL,  arginine-rich  protein  and  the  apopro- 
teins of  all  density  classes  in  intestinal  lymph  will  be  completed. 

2.  The  mechanism  of  the  rat  C-II  apoprotein  activation  of  lipoprotein 
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lipase  will  be  further  defined. 

3.  The  suitability  of  the  orotic  acid  fed  rat  as  a  model  for  abetalipo- 
proteinemia  will  be  evaluated. 

Publications : 

1.  Herbert,  P.  N.,  Windmueller ,  H.  G.,  Bersot,  T.  P.,  and  Shulman,  R.  S.: 

Characterization  of  the  rat  apolipoproteins ,  I.   The  low  molecular  weight 

proteins  of  rat  plasma  high  density  lipoproteins.   J.  Biol.  Chem. ,  in 
press . 
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Principal  Investigators:  Peter  N.  Herbert,  M.D. 
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Ronald  M.  Krauss,  M.D. 
Robert  I.  Levy,  M.D. 
Dcnald  S.   Fredrickson,  M.D. 

Other  Investigators:  Marguerite  J.  LaPiana,  B.A. 
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Project  Description: 

ObjectJAi^s:     The  protein  constituents  of  the  plasma  lipoproteins  are  the 
subject  of  intense  investigaticn  both  because  of  their  in^xjrtance  in  the  body 
eccnon^  and  their  unknown  role  in  the  pathogenesis  of  atherosclerosis.     The 
polypeptide  moiety  of  the  very  low  density  lipoproteins  have  been  the  more 
difficult  to  study  because  of  their  low  concentrations  in  plasma  and  diffi- 
culties encountered  in  their  fractionation  and  characterization.     The  aim  of 
this  project  is  the  quantification  and  characterization  of  the  VLDL  apopro- 
teins in  a  variety  of  disease  states  and  the  elucidation  of  the  interrela- 
tionships of  these  apolipoproteins. 

t^thods :     Plasma  from  patients  with  types  I,   III  and  V  hyper lipoprotein - 
emia,   abetalipoproteinemia  and  biliary  cirrhosis  have  been  fractionated  on  a 
preparative  scale.     The  techniques  of  lipoprotein  isolation  by  ultracentrifu- 
gation  and  agarose  coluim  chromatography,  and  qjolipoprotein  purification  by 
rapid- flow  gel  and  icn-exdiange  chromatography  have  been  described  in  pre- 
vious annual  reports.     Specific  antisera  to  all  of  the  apolipoproteins  have 
been  prepared.     The  immunochemical  and  electrophoretic  techniques  en^loyed 
have  previously  been  described. 
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To  study  the  effects  of  in  viyo  triglyceride  hydrolysis  on  the  distri- 
bution of  the  apo lipoproteins,  patients  with  type  V  hyperlipoproteinemia  were 
administered  intravenous  heparin  and  plasma  sanples  collected  before  and  one 
hour  after  the  injection  were  fractionated  and  con^iared. 

Major  Findings: 

1.  The  very  lew  density  ^olipoproteins  from  patients  with  type  III 
hyperlipoproteinemia  were  fractionated  by  gel  chromatography.     The  distinc- 
tive abnormality  in  apoprotein  composition  was  a  reduction  of  the  C-protein 
content  by  approximately  20%.     The  ratio  of  the  apoB/arginine-rich  protein 
fraction  did  not  differ  from  that  found  in  normal  a_-VLDL.     Thus,  literature 
claims  of  an  abnormal  content  of  arginine-rich  protein  in  the  g-VLDL  of  type 
III  is  sinply  a  reflection  of  a  proportionate  reduction  in  C-protein  content. 
Viewed  in  these  terms,  the  B- protein  content  is  also  abnormally  high. 

2.  Previous  reports  of  the  abnormal  apolipoprotein  distribution  in  pa- 
tients with  abetalipoproteinemia  have  been  confirmed  and  anplified.     The 
trace  quantities  of  "abnormal"  LDL  in  this  disorder  have  been  shown  to  coti- 
sist  primarily  of  apoA-I  and  the  C- apoproteins,  with  only  trace  quantities  of 
the  A-II  apoprotein  in  the  density  region  <  1.063  g/ml.     The  high  density  li- 
poproteins  (1.063  <  d  <  1.21)  appear  to  contain  reduced  quantities  of  the  A- 
II  protein  and  moreover,  the  C-III-1  apoprotein  is  absent  or  present  in 
greatly  reduced  concentration. 

3.  Studies  of  the  C-protein  redistribution  in  response  to  in  vivo  lipo- 
lysis  demonstrated  that  with  a  50%  reduction  in  VLDL  total  triglyceride,  the 
C-proteins  selectively  associated  with  the  d  <  1.006  g/ml  class  of  lipopro- 
teins.    Attempts  to  induce  massive  loading  of  the  higher  density  classes  with 
C-proteins  were  not  successful,  suggesting  that  hi^  density  lipoproteins  may 
haAre  limited  capacity  to  accommodate  C-proteins  or  that  the  C-proteins  have 

a  special  affinity  for  triglyceride-ridi  lipoproteins. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  apolipoproteins  serve     a  critical  role  in  the  stabilization  of 
plasma  lipids,  provide  co- factor  activities  for  lipolysis  and  may  well  modu- 
late the  fine  controls  that  govern  plasma  lipoprotein  concentrations.     Eluci- 
dation of  their  interrelationships  should  contribute  greatly  to  our  under- 
standing of  physiological  and  pathological  lipoprotein  metabolism. 

Proposed  Course:  i 

1.  On- going  analyses  of  the  preparative  techniques  for  lipoprotein  and 
q)olipoprotein  purification  will  be  continued. 

2.  Studies  of  the  interrelationships  of  particularly  the  A  and  C- 
proteins  will  be  pursued  using  a  variety  of  disease  states  as  model  systems. 
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3.  Characterization  of  the  quantitatively  minor  apolipoproteins  will 
be  caiqjleted. 

Publications: 

1.  Herbert,  P.  N. ,  Shulman,  R.  S.,  Levy,  R.  I.,  and  Fredrickson,  D.  S.: 
Human  plasma  very  low  density  lipoproteins:  artif actual  polymorphism 
from  carbamylation  in  urea- containing  solutions.  J.  Biol.  Chem.  248: 
4941-4946,  1973. 

2.  Krauss,  R.  M. ,  Herbert,  P.  N. ,  Levy,  R.  I.,  and  Fredrickson,  D.  S. : 
Further  observations  on  the  activation  and  inhibition  of  lipoprotein  li- 
pase by  apolipoproteins.  Circ.  Res.  33^:  403-411,  1973. 
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Project  Description: 

1(a)  Objective:   Isolation  and  characterization  of  human  parathyroid 
hormone  (HPTH). 

Methods  Employed:   HPTH  has  been  isolated  from  parathyroid  adenomas 
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collected  from  patients  in  the  U.S.  and  Western  Exirope  undergoing  surgery  for 
hyperparathyroidism.  The  dried,  defatted  adenomas  were  initially  extracted 
with  8M  virea  in  0.2M  hydrochloric  acid,  and  fractionated  with  ether,  acetic 
acid,  sodium  chloride,  and  trichloroacetic  acid  (TCA  powder).  The  TCA  powder 
was  further  purified  by  gel  permeation  chromatography,  followed  by  ion  ex- 
change chromatography. 

Major  Findings;  HPTH  isolated  by  these  techniques  has  been  shown  to  be 
homogeneous  by  disc  gel  electrophoresis  and  amino  terminal  analysis. 
Utilizing  HPTH  purified  by  these  techniques  we  have  been  able  to  determine 
the  amino  terminal  sequence  of  the  first  3U  residues  of  HPTH  as  was  detailed 
in  last  year's  report.  Further  material  has  now  been  isolated  to  permit 
further  characterization  of  the  hormone.   HPTH  contains  84  amino  acids  with  an 
overall  charge  distribution  similar  to  bovine  and  porcine  PTH  by  disc  gel 
electrophoresis.  The  HPTH  amino  acid  composition  is  significantly  different 
from  the  bovine  and  porcine  species  in  several  residues,  including  the  pre- 
sence of  threonine.  It  is  hoped  that  sufficient  material  will  now  be 
available  to  permit  the  complete  amino  acid  sequence  of  the  human  hormone. 

Kb)  Objective;   Immunoassay  of  parathyroid  hormone. 

Methods  Employed:  The  methods  utilized  in  these  studies  have  been 
described  in  detail  in  previous  reports  and  involve  iodination  of  the  hormone 
by  the  method  of  Himter  and  Greenwood,  and  separation  of  the  antibody  bound 
and  free  hormone  by  dextran- coated  charcoal. 

Major  Findings:  These  studies  have  been  carried  out  in  collaboration 
with  Dr.  Claude  Amaud  and  his  associates  at  the  Mayo  Clinic.   The  immuno- 
logical cross-reactivity  of  bovine  PTH  and  the  synthetic  1-34  fragments  of 
bovine  and  human  PTH  have  been  evaluated,  and  shown  to  be  nearly  identical  in 
immunological  cross-reactivity.  These  results,  therefore,  indicate  that  the 
immunological  recognition  site(s)  of  all  three  peptides  are  similar,  if  not 
identical,  in  sequence.   Several  antisera  currently  in  use  in  clinical 
studies  as  a  diagnostic  tool  for  evaluation  of  patients  suspected  of  having 
hyperparathyroidism  have  been  studied  to  determine  the  localization  of  the 
antigenic  locus  along  the  84  amino  acid  polypeptide  chain.   Thus  far  all  anti- 
sera  tested  which  have  been  useful  for  screening  of  patients  suspected  of 
having  hyperparathyroidism  have  been  directed  toward  the  carboxyl  terminal 
region  of  the  hormone.   It  appears,  therefore,  that  the  most  useful  antisera 
for  clinical  use  will  be  those  directed  toward  the  carboxyl  terminal  region  of 
the  human  hormone.  As  soon  as  the  carboxyl  terminal  region  of  the  human 
hormone  has  been  completed,  it  is  planned  to  synthesize  a  region  of  the  car- 
boxyl terminal  of  the  human  hormone  which  can  then  be  used  to  prepare  anti- 
bodies directed  toward  restricted  sequences  of  the  hormone.  An  assay  based 
on  the  carboxyl  terminal  region  of  the  human  hormone  will  then  be  made  avail- 
able to  qualified  investigators  for  use  in  clinical  evaluation  of  patients 
with  disorders  of  calcivm  metabolism. 

1(c)  Objective;  Reinvestigation  of  the  sequence  of  bovine  PTH. 
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Methods  Employed:   Bovine  PTH  was  isolated  by  the  methods  outlined  for 
the  isolation  of  human  PTH. 

Major  Findings:   In  our  previous  sequence  analysis  of  bovine  PTH,  which 
has  been  detailed  in  previous  reports,  we  identified  residue  22  as  glutamic 
acid.   In  our  recent  studies  on  the  amino  terminal  sequence  of  human  PTH  we 
observed  a  glutamine  residue.  This  observation  led  to  the  reexamination  of 
position  22  in  the  bovine  hormone.  The  possibility  existed  that  the  glutamine 
residue  at  position  22  was  unusually  labile  and  was  deamidated  to  glutamic 
acid  during  purification  or  Edman  degradation.   Bovine  PTH  was  therefore 
isolated  with  care  to  avoid  acidic/alkali  conditions  for  prolonged  periods  of 
time  in  order  to  minimize  possible  deamidation  of  glutamine  at  position  22. 
In  addition,  the  temperature  and  cleavage  time  for  conversion  of  the  thiazo- 
linone  to  the  thiohydantoin  were  decreased  during  the  Edman  degradation  at 
step  22  in  the  sequence.   Three  separate  degradations  were  performed  on  the 
bovine  hormone.   In  all  three  samples  glutamine  was  identified  at  position  22. 
Three  techniques  -  CI  mass  spectroscopy,  EI  mass  spectroscopy,  and  gas-liquid 
chromatography  -  were  used  to  confirm  the  identification  of  the  glutamine  at 
this  position.   The  amino  acid  sequence  has,  therefore,  been  revised  to  in- 
clude a  glutamine  in  place  of  a  glutamic  acid  at  position  22  in  the  structiire 
of  bovine  PTH. 

1(d)  Objective:   Reinvestigation  of  the  amino  acid  sequence  of  porcine 
PTH. 

Methods  Employed:   Similar  to  those  outlined  above  for  the  sequence 
analysis  of  bovine  PTH. 

Major  Findings:  O'Riordan,  et  al .  (Proc.  Roy.  Soc.  Med.  6U_:  1263,  1971) 
have  previously  reported  the  presence  of  a  glutamic  acid  residue  at  position 
22  in  the  sequence  of  porcine  PTH.   The  presence  of  glutamine  at  position  22 
in  both  human  and  bovine  PTH  suggested  that  the  porcine  hormone  might  also 
have  glutamine  at  this  position.  Porcine  PTH  was  isolated  from  partially 
purified  porcine  PTH  kindly  supplied  by  Travis  Littletyke  (Ames,  Iowa).   Pre- 
cautions to  minimize  deamidation  that  were  employed  with  bovine  PTH  were 
taken  during  the  isolation  and  Edman  degradation  of  the  porcine  hormone.   CI 
and  EI  mass  spectroscopy,  and  gas-liquid  chromatography  revealed  glutamine 
and  not  glutamic  acid  at  position  22  in  the  sequence  of  porcine  PTH.   There- 
fore, the  glutamine  iresidue  at  position  22  in  the  sequence  of  the  parathyroid 
hormone  appears  to  be  labile,  and  may  undergo  extensive  deamidation  during 
structural  analysis.  Additional  studies  will  now  be  required  to  evaluate  the 
biological  and  immtinological  significance  of  the  change  from  a  glutamic  acid 
to  a  glutamine  residue  in  the  synthetic  1-34  fragment  of  bovine  and  porcine 
PTH  that  have  currently  been  in  use  by  several  laboratories  for  biological,  as 
well  as  clinical  investigation. 

2(a)  Objective;  Application  of  chemical  ionization  (CI)  mass  spectrometry 
to  the  sequence  analysis  of  parathyroid  hormone  and  horse  heart  myoglobin. 

Methods  Employed:  The  phenylthiohydantoin  amino  acids  (PTH)  derived  from 
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the  automated  degradation  of  proteins  have  been  identified  by  a  Finnegan 
quadrapole  mass  spectrometer  equipped  with  a  PDP-8/E  digital  computer 
equipped  with  a  complot  plotter. 

Major  Findings:  The  CI-MS  method  has  been  shown  to  be  an  extremely 
sensitive,  and  accvirate  method  for  the  determination  of  glutamine  residues  in 
proteins.   Gas  chromatography  often  yields  equivocal  results  due  to  selective 
absorption  of  glutamine  residues  on  the  column  packing,  and  extensive  de- 
amidation  that  may  occur  during  chromatography  due  to  the  high  temperature 
employed  in  the  inlet  of  the  gas  chromatogram.  As  outlined  above,  the  CI-MS 
method  was  successively  utilized  to  reinvestigate  the  glutamic  acid  fraction 
at  step  22  in  the  sequence  of  bovine  and  porcine  PTH.  All  three  sequences, 
i.e.,  human,  bovine,  porcine  PTH  have  been  shown  to  contain  glutamine  at 
position  22. 

Two  errors  in  the  sequence  of  horse  heart  myoglobin  have  also  been  found 
using  the  methodology  outlined  above  for  the  parathyroid  hormone.  At  positions 
38  and  41  glutamine  in  place  of  glutamic  acid  was  observed.  These  results, 
therefore,  extend  those  reported  in  last  year's  annual  report  in  which  residues 
38  and  41  of  sperm  whale  myoglobin  were  found  to  have  been  incorrectly  iden- 
tified as  glutamic  acid  instead  of  glutamine. 

2(b)  Objective:  Amino  terminal  sequence  and  molecular  weight  of  rabbit 
muscle  glycogen  synthetase. 

Methods  Employed:  Automated  degradations  of  glycogen  synthetase  were 
performed  in  the  Beckman  sequencer,  and  the  phenylthlohydantoin  amino  acids 
were  identified  by  gas-liquid  chromatography  and  CI  mass  spectroscopy. 

Major  Findings:   In  collaboration  with  Dr.  Joe  Lamer  from  the  University 
of  Virginia  we  have  investigated  the  molecular  weight  of  glycogen  synthetase 
by  quantitative  amino  terminal  analysis.  Previous  studies  have  been  incon- 
clusive as  to  the  molecular  weight  with  estimates  reported  of  17,000  to 
90,000.   100  nanomoles  of  purified  glycogen  synthetase  were  degra-ed  on  the 
Beckman  sequencer.  Proline  was  identified  as  the  amino  terminal  residue,  and 
quantitation  of  the  proline  residue  by  gas  chromatography  indicated  that  the 
molecular  weight  of  glycogen  synthetase  was  approximately  90,000.   In  addition, 
the  amino  acid  sequence  of  the  initial  8  residues  of  the  enzymes  was  deter- 
mined by  gas  chromatography  and  CI-MS  to  be  Pro-Leu-Ser-Ser-Thr-Leu-Ser-Val. 

3(a)  Objective:  Automated  sequence  analysis  of  small  peptides  attached 
to  solid  support. 

Methods  Employed:  Automated  Edman  degradations  were  performed  on  the 
Beckman  sequencer.  Peptides  were  attached  to  Merrifeld  resins  by  the  tech- 
niques described  by  Larsen  (FEBS  Letters  4£:  1362,  1973). 

Major  Findings;  One  of  the  major  problems  encountered  today  in  the  auto- 
mated sequence  analysis  of  peptides  and  small  proteins  is  the  difficulty  en- 
countered in  excessive  losses  of  peptide  from  the  spinning  up  of  the  sequencers. 
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In  order  to  develop  methodology  to  permit  the  degradation  of  small  amounts  of 
peptide  by  the  automated  technique  we  have  recently  begun  a  systematic  in- 
vestigation of  the  attachment  of  peptides  to  solid  supports.   The  attachments 
of  the  peptides  to  an  inert  matrix  prevents  excessive  losses  of  material  from 
the  spinning  cup,  and  permits  extensive  extraction  of  the  reaction  mixture 
with  organic  solvents  to  remove  undesired  side  products  which  ultimately  con- 
fuse the  identification  of  the  amino  acid  residues.  We  have  successfully 
coupled  several  small  peptides  to  Merrifeld  resins,  and  the  preliminary 
results  clearly  suggest  that  this  method  will  be  of  major  use  in  the  sequence 
analysis  of  small  peptides  and  proteins  of  biological  interest. 

3(b)  Objective:  Automated  sequence  analysis  of  small  peptides  with  side 
chain  modification. 

Methods  Employed:   Sequence  analysis  and  identification  of  the  PTH  amino 
acids  was  performed  as  outlined  above.   Peptides  were  modified  at  their  lysine 
residues  by  coupling  with  sulf ophenylisothiocyanate . 

Major  Findings:   In  addition  to  attachment  to  solid  supports,  peptides 
may  be  modified  at  their  side  chain  to  decrease  their  solubility,  thereby 
reducing  the  extractive  losses  from  the  sequencer  cup.  This  modification 
significantly  reduces  the  peptide  loss  during  sequence  analysis ,  enabling 
longer  degradations  to  be  performed.  The  modification  which  has  proved  to  be 
extremely  useful  in  our  studies  has  been  the  coupling  of  the  lysine  residues 
in  peptides  with  sulf ophenylisothiocyanate .  This  method  has  been  applied  to 
the  sequence  analysis  of  peptides  from  the  apolipoprotein  A-I  with  excellent 
results . 

Significance  to  Biomedical  Research  and  The  Program  of  the  Institute: 

This  work  is  directed  toward  a  greater  luiderstanding  of  the  structure, 
function  and  physiological  role  of  polypeptides  in  cellular  metabolism.  The 
determination  of  the  complete  amino  acid  sequence  of  the  parathjrroid  hormones 
will  permit  the  sjmthesis  of  selected  regions  of  the  hormone  which  may  be  used 
for  physiological  studies ,  as  well  as  the  preparation  of  antibodies  which  may 
be  employed  in  the  clinical  assessment  of  patients  with  metabolic  bone  disease, 
and  disorders  of  calci\am  metabolism. 

Studies  on  improved  methodology  of  the  sequence  analysis  of  polypeptides 
and  proteins  is  directed  toward  the  development  of  techniques  that  will  per- 
mit the  sequence  analysis  of  proteins  of  biological  significance  using  much 
smaller  amounts  of  material  than  was  previously  possible. 

Proposed  Course: 

1.  During  the  next  year  it  is  planned  to  complete  the  amino  acid  sequence 
of  human  parathyroid  hormone.  Following  completion  of  the  sequence,  synthesis 
of  the  carboxyl  terminal  region  of  the  molecule  will  be  undertaken  by  the 
Beckman  Instrument  Company.  The  availability  of  synthetic  peptides  based  on 
different  regions  of  the  sequence  will  permit  additional  studies  on  the  role 
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of  parathyroid  hormone  in  calcium  homostasis. 

2.   Investigation  on  improved  methodology  of  the  sequence  analysis  of 
proteins  will  be  continued  utilizing  solid  supports,  side  chain  modification, 
and  radioactive  phenylisothiocyanate .  These  techniques  will  be  used  in  the 
further  sequence  analysis  of  polypeptide  hormone,  lipoproteins,  and  other 
proteins  of  biological  significance. 

Publications : 

1.  Amaud,  C.  D.  ,  and  Brewer,  H.  B.,  Jr.:  Himian  parathyroid  hormone:  10th 
European  Symposivim  on  Calcified  Tissue,  in  press. 

2.  Brewer,  H.  B. ,  Jr.,  Fairwell,  T. ,  Liddledyke,  T,  ,  Rittel,  W. ,  and  Amaud, 
C.  D. :  Recent  advances  in  the  chemistry  of  the  human,  bovine,  and 
porcine  parathyroid  hormone.  Amer.  J.  Med.,  June,  1974. 

3.  Amaud,  C.  D. ,  and  Brewer,  H.  B. ,  Jr.:  Human  parathyroid  hormone: 
chemistry  and  immunology.  Anal.  Chem. ,  in  press. 

U.  Brewer,  H.  B. ,  Jr.,  Fairwell,  T. ,  Liddledyke,  T. ,  Rittel,  W. ,  and  Amaud, 
C.  D.:   Human  parathyroid  hormone,   i+th  International  Endocrinology 
Symposium,  Heinemann  Medical  Books,  Ltd.,  London,  in  press. 

5.  Fairwell,  T. ,  Liddledyke,  T. ,  Amaud,  C.  D. ,  and  Brewer,  H.  B. ,  Jr.: 
Revision  of  the  sequence  of  bovine  and  porcine  parathyroid  hormone. 
FEBS  Letters,  in  press. 
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ANNUAL  REPORT 
LABORATORY  OF  BIOCHEMICAL  GENETICS 
July  1,  1973  through  June  30,  1974 

The  objectives  are  to  define  molecular  mechanisms  for  the  storage  and 
retrieval  of  genetic  or  neural  information. 

1.  Cell  Recognition  and  Synapse  Formation.   During  the  past  year,  a  cell 
system  and  possible  assays  for  cell  recognition  and  synaptogenesis  were  ob- 
tained.  Nicotinic  acetylcholine  receptors  were  studied  because  these  mole- 
cules are  markers  of  at  least  one  type  of  synapse.   Nicotinic  acetylcholine 
receptors  were  found  in  relatively  high  concentration  in  the  retina  of  many 
organisms.   In  chick  embryo  retina,  receptor  specific  activity  increased 
sharply  during  the  period  that  synapses  form.   Autoradiographic  studies 
showed  that  most  receptors  are  in  the  inner  plexiform  layer  which  is  composed 
of  neurites  and  synaptic  connections  and  is  almost  idevoid  of  cell  bodies. 
Dissociated  cells  from  chick  embryo  retina  and  cultured  in  vitro  form  aggre- 
gates without  internal  structure  and  then  sort  out  into  large,  relatively 
homogeneous  regions  composed  either  of  neurites  or  cell  bodies.   The  neurite- 
rich  regions  contain  many  synapses  of  at  least  threje  morphological  varieties 
and  most  of  the  nicotinic  acetylcholine  receptors  that  are  formed.   The  sort- 
ing out  of  neurites  and  acetylcholine  receptors  can  be  used  to  detect  reactions 
that  may  be  associated  with  cell  recognition  or  synapse  formation. 

A  sensitive  histochemical  assay  for  acetylcholine  receptor  location  also 
was  devised  which  utilizes  a  rabbit  antibody  specific  for  a-bungarotoxin  and 
a  peroxidase-conjugated  antibody  specific  for  rabbit  immunoglobulin.   Protein 
fractionation  studies  revealed  differences  in  plasma  membrane  proteins  of 
retina  cells  at  different  stages  of  development. 

Hybrid  cell  lines  formed  by  fusion  of  neuroblastoma  cells  with  embryonic 
retina  cells  were  obtained  and  their  adhesive  properties  were  examined.   Some 
but  not  all  hybrids  had  a  higher  affinity  for  cells  from  retina  than  for  cells 
from  other  tissues.  Acetylcholine  was  isolated  from  some  hybrid  cell  lines 
and  catecholamines  from  others. 

2.  Neuronal  Properties  of  Somatic  Cell  Hybrids.   Fusion  of  neuro- 
blastoma cells  with  other  cell  types  yield  hybrid  cell  lines  that  may  have 
gained  or  lost  neural  properties.   The  new  neural  phenotypes  thus  generated 
can  be  inherited  and  thereby  perpetuated  in  a  fairly  stable  fashion.   In 
collaboration  with  Werner  Klee,  a  neuroblastoma  x  glioma  hybrid  cell  line 
was  found  which  has  stereospecific,  high  affinity  morphine  receptors.  The 
cells  also  synthesize  and  store  acetylcholine  and  have  other  well-developed 
neural  properties.   The  average  cell  contains  approximately  3  x  10^  morphine 
receptors.   In  contrast,  parental  cells  and  other  neuroblastoma  or  hybrid  cell 
lines  tested  had  few  or  no  morphine  receptors.  Morphine  inhibited  the  activit>' 
of  adenyl  cyclase  of  cells  with  morphine  receptors  and  the  inhibition  was  re- 
versed by  narcotic  antagonists.   The  mechanism  of  action  of  morphine  and 
possibly  the  mechanism  of  morphine  dependence  thus  carj  be  studied  with  rel:i- 
tively  homogeneous  populations  of  cells. 

Fusion  of  mouse  neuroblastoma  cells  which  do  not  synthesize  acetylcholine 
or  catecholamines  with  sympathetic  ganglion  cells  from  mouse  embryos  yielded  i 
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hybrid  cell  line  that  synthesizes  dopamine.   The  cells  have  interesting  pro- 
perties that  were  not  detected  with  other  cell  lines  such  as  muscarinic 
excitatory  acetylcholine  receptors,  and  both  small  and  large  dense-core 
vesicles.  These  results  and  those  obtained  with  retina  hybrids  show  that 
fusion  of  neuroblastoma  cells  with  cells  from  the  norma]  nervous  system  can 
generate  hybrid  cells  that  synthesize  different  species  of  neurotransmitters 
and  thus  follow  different  gene  programs  for  neuron  differentiation. 

We  previously  devised  a  selection  procedure  for  cells  of  neural  origin 
that  depends  upon  the  ability  of  the  cells  to  synthesize  certain  neuro- 
transmitters. The  rationale  for  selection  is  that  tyrosine  hydroxylase  and 
tryptophan  hydroxylase  catalyze  the  synthesis  of  tyrosine  from  phenylalanine 
in  addition  to  the  synthesis  of  dopa  or  5-hydroxytryptophan.   In  contrast, 
most  mammalian  cells  are  unable  to  synthesize  tyrosine.  Only  1  out  of  70,000 
uncloned  mouse  neuroblastoma  cells  formed  colonies  in  the  absence  of  tyrosine. 
Approximately  50  percent  of  the  cell  lines  obtained  had  tyrosine  hydroxylase 
activity.   During  the  past  year  serotonin  was  isolated  from  a  cell  line  that 
grew  well  in  the  absence  of  tyrosine  yet  lacked  tyrosine  hydroxylase  activity. 

Cell  lines  with  or  without  dopamine- 3-hydroxylase  and  storage  reactions 
for  norepinephrine  were  found.   The  conversion  of  dopamine  to  norepinephrine 
and  the  storage  of  these  components  were  inhibited  by  reserpine.  Fractionation 
revealed  subcellular  particles  that  were  rich  in  catecholamines.   These  results 
show  that  clonal  neuroblastoma  cells  are  able  to  synthesize  and  store  nore- 
pinephrine and  that  storage  reactions  are  similar  to  those  of  normal  adrenergic 
neurons . 

Fusion  of  neuroblastoma  cells  with  nicotinic  excitatory  and  muscarinic 
inhibitory  acetylcholine  receptors  to  other  cell  types  with  only  muscarinic 
inhibitory  acetylcholine  receptors  yielded  hybrid  cell  lines  with  well-developed 
neural  properties  and  either  nicotinic  or  muscarinic  receptors.   Fusion  of 
cells  that  exhibit  a  PGE^-dependent  activation  of  adenyl  cyclase  activity  with 
cells  that  do  not  respond  to  PGEj  usually  yielded  hybrid  cell  lines  that  were 
sensitive  to  PGEj^ .   In  contrast,  fusion  of  cells  with  6-receptors  with  cells 
without  these  receptors  yielded  hybrid  progeny  that  did  not  have  active  3- 
receptors.  Thus  PGEj  and  acetylcholine  receptors  are  dominant  properties 
whereas  3-receptors  are  inherited  in  a  recessive  fashion.   These  and  previous 
results  show  that  gene  expression  for  different  species  of  transmitters  and 
receptors  can  be  specified  in  dividing  cells  and  that  parental  gene  programs 
then  are  inherited  by  cell  progeny. 

Acetylcholine  markedly  increases  cGMP  levels  of  neuroblastoma  cells  with 
muscarinic  acetylcholine  receptors.   Insensitive  as  well  as  supersensitive 
cell  lines  were  detected.   Neuroblastoma  cell  lines  were  obtained  that  respond 
to  different  putative  neurotransmitters,  one  affecting  cGMP  levels,  the  other, 
cAMP.  These  are  model  systems  that  can  be  used  to  study  many  aspects  of 
cyclic  nucleotide  metabolism  and  neuron  differentiation. 

3.   Expression  of  Oncornavirus  in  Human  x  Mouse  Somatic  Cell  Hybrids. 
Hybrid  cell  lines  that  had  lost  either  human  or  mouse  chromosomes  were 
assayed  for  molecules  associated  with  C-particles  such  as  reverse  transcriptase, 
antigens,  and  virus  replication.   Although  human  and  normal  mouse  parental  cells 
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did  not  have  viral  markers,  C-particles  were  produced  by  hybrid  cell  lines 
that  had  lost  mouse  chromosomes.   Viruses  were  not  produced  by  hybrids  that 
retained  a  full  complement  of  mouse  and  human  chromosomes.   When  cell  lines 
that  produce  C-particles  were  subcloned,  the  sublines  varied  in  their  ability 
to  produce  C-particles  and,  again,  virus  production  was  associated  with 
segregation  of  mouse  chromosomes.   These  results  show  that  human  x  mouse 
hybrid  cells  can  be  used  to  study  the  regulation  of  C-particle  replication. 
Human  x  mouse  hybrid  cells  formed  by  mating  mouse  cells  to  peripheral  blood 
cells  from  hirnian  patients  with  leukemia  or  with  genetic  diseases  are  being 
examined  for  the  production  of  the  human  oncornavirus  markers.   These  studies 
should  provide  information  on  the  possible  viral  etiology  of  human  diseases 
and  can  be  used  to  map  human  chromosomes . 

Himan  x  mouse  hybrid  cells  were  also  tested  for  their  ability  to  support 
the  replication  of  exogenously  applied  oncornaviruses.  ,  Mouse  tropic  murine 
leukemia  virus  (MuLV)  grows  in  mouse  cells  but  not  in  Human  cells,  while 
xenotropic  MuLV  grows  in  hviman  but  not  in  mouse  cells.  Mouse  tropic  virus 
replication  was  expressed  in  human  x  mouse  hybrids  as  long  as  sufficient 
number  of  mouse  chromosomes  were  present.  Using  this  information,  it  will 
be  possible  to  genetically  map  these  mouse  chromosomes  required  for  mouse 
tropic  MuLV  replication.   In  contrast,  xenotropic  MuLV  failed  to  replicate 
in  human  x  mouse  hybrid  cells  unless  mouse  chromosomes  had  segregated.   Thus 
its  replication  was  restricted.   Similarly,  analysis  of  human  x  mouse  hybrid 
cell  ability  to  support  the  replication  of  primate-related  viruses  should 
allow  human  genes  required  for  virus  function  to  be  defined  and  mapped. 

Human  x  mouse  hybrid  cells  formed  by  mating  a  variety  of  human  cells  to 
mouse  cells  expressing  oncornavirus  reverse  transcriptase  activity  were 
assayed  for  their  ability  to  produce  this  enzyme.   Clonal  hybrid  lines  were 
found  that  produced  high,  intermediate,  and  low  levels  of  reverse  transcript- 
ase activity.   Clones  with  low  levels  of  activity  had  a  high  number  of  human 
chromosomes  compared  to  hybrids  with  high  level  of  activity,  suggesting  the 
presence  of  a  human  repressor  for  this  function.   When  lines  with  low  activity 
were  subcloned,  new  lines  with  high  activity  were  found  and  are  currently 
being  analyzed  for  their  human  chromosome  composition.   Such  analysis  should 
delineate  human  genes  regulating  reverse  transcriptase  activity. 

4.   Chromosome  Segregation  in  Hybrid  Cells.   Previous  studies  have 
shown  that  human  chromosomes  are  preferentially  lost  from  human  x  rodent 
hybrid  cells.   In  contrast,  we  find  that  fusion  of  transformed  human  cells  to 
normal  mouse,  rat,  or  Chinese  hamster  cells  taken  directly  from  the  animal 
results  in  hybrids  that  preferentially  lose  rodent  chromosomes.  Human, 
rather  than  rodent,  isozymes  are  retained. 

Cells  with  many  A-particles  were  fused  with  cells  with  few  A-particles. 
Many  hybrid  cell  lines  were  found  with  abundant  A-particles.   Thus  the  pro- 
duction of  A-particles  is  dominant  in  hybrid  cells. 

Fibroblasts  of  patients  with  a  dominantly  inherited  genetic  disease  type 
II  hypercholesterolemia  have  high  3-hydroxy-3-methyl-glutaryl  coenzyme  A- 
reductase  activity  compared  to  normal  fibroblasts  or  mouse  cells.   Homozygous 
type  II  human  fibroblasts  were  fused  with  mouse  cells  and,  in  collaboration 
with  Drs .  Sloan,  Assmann,  and  Frederickson,  the  specific  activity  of  HMG-CoA 
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reductase  was  determined.  Hybrid  cells  with  high,  intermediate,  and  low 
specific  activities  were  found.  These  results  show  that  an  autosomal  dominant 
human  disease  also  can  be  expressed  dominant ly  in  human  x  mouse  hybrid  cells 
and  suggest  that  the  human  chromosome  that  contains  the  mutant  gene  can  be 
identified  by  linkage  analysis. 

5.  The  Mechanism  of  E.  coli  Arginyl-t-RNA  Synthetase.  The  arginyl-tRNA 
synthetase  of  E  coli  catalyzes  the  pyrophosphate  exchange  into  ATP  only  in 
the  presence  of  tRNA.  On  the  basis  of  our  previous  studies,  we  proposed  a 
random  concerted  mechanism  for  enzyme  action  whereas  most  of  the  other  tRNA 
synthetases  operate  by  ping  pong  mechanisms . 

Further  studies  with  substrate  levels  of  enzymes  did  not  reveal  an 
enzyme-bound  arginyl-AMP  intermediate  in  the  absence  of  tRNA.  Studies  on  the 
kinetics  of  enzyme  activation  by  metal  ions  suggest  a  cooperative  reaction. 
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Project  Title:   Clonal  Cells  with  Morphine  Receptors 
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Principal  Investigators:   Dr.  Marshall  Nlrenberg 
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Other  Investigators:   Dr.  Werner  Klee,  NIMH 

Cooperating  Units:   Dr.  Sharma,  Fogerty  International  Fellowship  and 
Dr.  Klee,  National  Institute  of  Mental  Health 

Project  Description: 

Objectives:   The  objectives  are  to  obtain  a  clonal  cell  system  sensitive 
to  morphine  and  to  elucidate  the  molecular  mechanisms  of  morphine  sensitivity. 

Major  Findings:   A  neuroblastoma  x  glioma  hybrid  cell  line  was  foimd  which 
has  stereospecific,  high  affinity  morphine  receptors.   The  cells  also 
synthesize  and  store  acetylcholine  and  have  other  well-developed  neural 
properties.   The  average  cell  contains  approximately  3  x  10^  morphine 
receptors.   In  contrast,  parental  cells  and  other  neuroblastoma  or  hybrid 
cell  lines  tested  had  few  or  no  morphine  receptors.   Morphine  inhibited  the 
activity  of  adenyl  cyclase  of  cells  with  morphine  receptors  and  the  inhibition 
was  reversed  by  narcotic  antagonists.   The  mechanism  of  action  of  morphine 
and  possibly  the  mechanism  of  morphine  dependence  thus  can  be  studied  with 
relatively  homogeneous  populations  of  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
A  neuroblastoma  x  glioma  hybrid  cell  line  was  fovind  which  has  stereospecific, 
high  affinity  morphine  receptors. 

Proposed  Course:   To  continue  research  in  obtaining  clonal  cell  lines 
sensitive  to  morphine  and  to  elucidate  the  molecular  mechanisms  of  morphine 
sensitivity. 

Honors  and  Awards:   None 

Publications: 

1.   A  neuroblastoma  x  glioma  hybrid  cell  line  with  morphine  receptors.   Proc. 
Nat.  Acad.  Scl. ,  USA,  In  Press. 
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Previous  Serial  No . : 

Principal  Investigators:         Drs.  Marshall  Nirenberg,  Fernando  DeMello, 

William  Klein,  Mary  DeLong,  and  Zvi  Vogel 

Other  Investigators:  None 

Cooperating  Units: 

Project  Description: 

Objectives:   The  initial  objective  is  to  devise  assays  for  cell  recogni- 
tion and  synaptogenesis  for  use  with  cultured  cell  systems. 

Methods  and  Results:   Nicotinic  acetylcholine  receptors  were  studied 
because  these  molecules  are  markers  of  at  least  one  type  of  synapse.   Nicotin- 
ic acetylcholine  receptors  were  foimd  in  relatively  high  concentration  in  the 
retina  of  many  organisms.   In  chick  embryo  retina,  receptor  specific  activity 
increased  sharply  during  the  period  that  synapses  form.  Autoradiographic 
studies  showed  that  most  receptors  are  in  the  inner  plexiform  layer  which  is 
composed  of  neurites  and  synaptic  connections  and  is  almost  devoid  of  cell 
bodies.   Dissociated  cells  from  chick  embryo  retina  and  cultured  in  vitro 
formed  aggregates  without  internal  structure  and  then  sorted  out  into  large, 
relatively  homogeneous  regions  composed  either  of  neurites  or  cell  bodies. 
The  neurite-rich  regions  contain  many  synapses  of  at  least  three  morphological 
varieties  and  most  of  the  nicotinic  acetylcholine  receptors  that  formed.  The 
sorting  out  of  neurites  and  acetylcholine  receptors  thus  can  be  used  to  de- 
tect reactions  that  may  be  associated  with  cell  recognition  or  synapse 
formation.   Protein  fractionation  studies  revealed  differences  in  plasma 
membrane  proteins  of  retina  cells  at  different  stages  of  development.  Hybrid 
cell  lines  formed  by  fusion  of  neuroblastoma  cells  with  embryonic  retina  cells 
were  obtained  and  their  adhesive  properties  were  examined.   Some  but  not  all 
hybrids  had  a  higher  affinity  for  cells  from  retina  than  for  cells  from  other 
tissues.  Acetylcholine  was  isolated  from  some  of  the  hybrid  cell  lines  and 
catecholamines  from  others . 

Significance  to  Biomedical  Research:   Studies  revealed  differences  in 
plasma  membrane  proteins  of  retina  cells  at  different  stages  of  development. 

Proposed  Course:   To  devise  assays  for  use  in  cultured  cell  systems. 

Honors  and  Awards:   None 

Publications:  None  1^0 
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Principal  Investigators:         Drs .  Marshall  Nirenberg,  L.  Greene,  W.  Shain, 

A.  Chalazonitis,  and  John  Minna 

Other  Investigators :    '         None 

Cooperating  Units:  National  Cancer  Institute  (Dr.  H.  Coon) 

Project  Description: 

Major  Findings:  Mouse  neuroblastoma  cells  which  do  not  synthesize 
acetylcholine  or  catecholamines  were  fused  with  sympathetic  ganglion  cells 
from  mouse  embryos.   Thirty-five  cell  lines  were  obtained  and  were  assayed 
for  transmitter  synthesis.  One  cell  line  was  found  that  synthesizes  dopamine. 
The  cells  have  interesting  properties  that  were  not  detected  with  other  cell 
lines  such  as  muscarinic  excitatory  acetylcholine  receptors,  and  both  small  and 
large  dense-core  vesicles.   The  cells  exhibit  well  developed  action  potentials 
and  other  neural  properties  that  resemble  those  of  normal  sympathetic 
ganglion  neurons  grown  in  vitro. 

Significance  to  Biomedical  Research:  The  results  obtained  with  retina 
hybrids  show  that  fusion  of  neuroblastoma  cells  with  cells  from  the  normal 
nervous  system  generate  hybrid  cells  that  synthesize  different  species  of 
neurotransmitters  and  thus  follow  different  gene  programs  for  neuron 
differentiation. 

Proposed  Course:   Studies  will  be  undertaken  to  delineate  the  species 
of  neurotransmitters . 

Honors  and  Awards:  None. 

Publications: 

1.  Chalazonitis,  A.,  Greene,  L.  and  Nirenberg,  M. :   Electrophysiological 
characteristics  of  chick  embryo  sympathetic  neurons  in  dissociated  cell 
culture.   Brain  Research,  68:   235-252,  1974. 

2.  Chalazonitis,  A.  and  Greene,  L.:   Enhancement  in  excitability  properties 
of  mouse  neuroblastoma  cells  cultured  in  the  presence  of  dibutyryl  cyclic  AMP. 
Brain  Research,  72:   340-345,  1974. 
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i*it)ject  Description: 

Major  Findings:   We  previously  devised  a  selection  procedure  for  cells  of 
neural  origin  that  depends  upon  the  ability  of  the  cells  to  synthesize  certain 
neurotransmitters.   The  rationale  for  selection  is  that  tyrosine  hydroxylase 
and  tryptophan  hydroxylase  catalyze  the  synthesis  of  tyrosine  from  phenylala- 
nine in  addition  to  the  synthesis  of  dopa  or  5 -hydroxy tryptophan.   In  contrast, 
most  mammalian  cells  are  unable  to  synthesize  tyrosine.   Only  1  out  of  70,000 
uncloned  mouse  neuroblastoma  cells  formed  colonies  in  the  absence  of  tyrosine. 
Approximately  50  percent  of  the  cell  lines  obtained  had  tyrosine  hydroxylase 
activity.   During  the  past  year,  serotonin  was  isolated  from  a  cell  line  that 
grew  well  in  the  absence  of  tyrosine  yet  lacked  tyrosine  hydroxylase  activity. 
Cell  lines  with  or  without  dopamine- B-hydroxylase  and  storage  reactions  for 
norepinephrine  were  found.   The  conversion  of  dopamine  to  norepinephrine  and 
the  storage  of  these  components  were  inhibited  by  reserpine.   Fractionation 
revealed  subcellular  particles  that  were  rich  in  catecholamines. 

Significance  to  Biomedical  Research:   These  results  show  that  clonal 
neuroblastoma  cells  are  able  to  synthesize  and  store  norepinephrine  and  that 
storage  reactions  are  similar  to  those  of  normal  adrenergic  neurons. 

Proposed  Course:  More  extensive  studies  of  the  synthesis  and  storage  of 
norepinephrine  will  be  pursued. 

Honors  and  Awards :  None 

Publications : 

1.   Breakefield,  X.  0.  5  Nirenberg,  M.  W. :   Selection  for  neuroblastoma  cells 
that  synthesize  certain  neurotransmitters.   Proc.  mt.  Acad.  Sci.  USA  (in  press), 
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2.     Giller,    E.   Jr.,   Cristian,   C,    Breakefield,    X.,   Neale,    H.    and  Nelson,    P.O. 
Expression  of  Neuronal  Characteristics   in  Culture:      Pros   and   cons  of  primary 
cultures  and   continuous    cell    lines.      Golgi  Centennial   Symposium   (in  press). 
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Project  Title:  Acetylcholine  in  Neuroblastoma  x  Glial  Hybrids 

Previous  Serial  No.: 

Principal  Investigator:         Dr.  Paul  Simpson 

Other  Investigators:  Dr.  Marshall  Nirenberg 

Cooperating  Units: 

Project  Description: 

Objectives:   (1)  Development  of  a  procedure  for  analyzing  the  metabolism 
of  acetylcholine  in  neuroblastoma  x  glial  hybrid  cells  in  culture.   (2) 
Determination  of  the  factors  regulating  acetylcholine  synthesis,  storage,  and 
release.   (3)   Employment  of  the  release  of  neurotransmitters  as  a  probe  for 
functional  connections  between  different  types  of  cells. 

Methods  Employed:   Living  cells  in  culture  are  incubated  with  labelled 
precursor  choline  in  a  defined  medium;  and  the  produced  acetylcholine  is 
extracted  from  cells  and  medium,  separated  by  high-voltage  electrophoresis, 
and  quantitated. 

Major  Findings:   (1)   CTiolinergic  lines  synthesize,  store,  and  release 
acetylcholine.   (2)   Synthesis  and  storage  is  regulated  by  growth  conditions, 
by  intracellular  acetylcholinesterase,  and  by  choline  concentration.   (3]   Re- 
lease is  increased  by  the  depolarization  alkaloid,  veratridine;  and  this 
stimulated  release  may  be  at  least  partially  blocked  by  tetrodotoxin. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  factors  governing  intercellular  communication  are  of  fundamental  import- 
ance in  cell  biology. 

Proposed  Course:   Further  studies  of  the  factors  controlling  the  release 
reaction  will  be  undertaken. 

Honors  and  Awards :  None 

Publications:  None 
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Project  Description: 

Objectives:   Investigators  in  this  laboratory  and  others  have  utilized 
^^^l   labelled  a-bungarotoxin  (aBT)  as  a  label  for  nicotinic  acetylcholine 
receptors  in  intact  and  cultured  skeletal  muscle,  and  in  embryonic  and  mature 
retina.   The  objectives  of  this  study  were  to  devise  a  histochemical 
technique  of  greater  sensitivity  and  resolution  for  localizing  bound  ctBT  and 
to  apply  this  technique  to  studying  the  ultrastructural  distribution  of 
acetylcholine  receptors  in  the  peripheral  and  central  nervous  system  during 
development,  in  culture,  and  in  the  mature  state.  ' 

Major  Findings:   We  have  devised  a  technique  of  greater  sensitivity  and 
resolution  utilizing  (rabbit)  antibody  against  aBT  and  horse  radish  peroxidase- 
conjugated  antibody  against  rabbit.   Using  this  double  immunotechnique,  we 
have  observed  the  limited  ultrastructural  distribution  of  acetylcholine 
receptor  within  mouse  diaphragm  endplates. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Knowledge  of  the  ultrastructural  distribution  of  acetylcholine  receptor  is 
of  clear  importance  in  any  attempt  to  understand  the  role  of  neurotransmitters 
and  their  receptors  in  the  function  and  development  of  the  nervous  system. 

Proposed  Course:  We  are  now  attempting  to  apply  this  technique  to  retina 
and  the  brain. 

Honors  and  Awards :  None 

Publications:  None 
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The  Effect  of  Transmitters  upon  cGMP 
Levels  of  Neuroblastoma  and  Other  Cell 
Lines 


Dr.  Hiroshi  Matsuzawa 
Dr.  Marshall  Nirenberg 
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Previous  Serial  Number: 
Principal  Investigators: 

Other  Investigators: 

Cooperating  Units: 

Project  Description: 

Objectives:  The  objective  is  to  determine  the  effects  of  neurotransmit- 
ters upon  cGMP  levels  of  neuroblastoma  and  hybrid  cell  lines. 

Results:  Acetylcholine  markedly  increased  cGMP  levels  of  neuroblastoma 
cells  with  muscarinic  acetylcholine  receptors.   Insensitive  as  well  as 
supersensitive  cell  lines  were  detected.  With  some  cell  lines,  cGMP  levels 
can  be  increased  with  one  transmitter  and  cAMP  with  another.  Thus  the  effect 
of  one  transmitter  upon  another  can  be  studied  as  well  as  the  effects  of 
cyclic  nucleotides  upon  neuron  ionophore  activities. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Effects  of  neurotransmitters  upon  cGMP  levels  were  elucidated. 

Proposed  Course:   Definitive  studies  of  neurotransmitters  upon  cGMP 
levels  of  neuroblastoma  and  hybrid  cell  lines  will  be  pursued. 


Honors  and  Awards : 


None 


Publications : 


None 
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Cooperating  Unit:  Muscular  Dystrophy  Association  of  America 

Project  Description: 

Objectives:   The  objectives  of  this  project  are  (1)  to  develop  biochemi- 
cal methods  for  study  of  action  potential  and  receptor  ionophores  and  iono- 
phores  functionally  coupled  to  receptors  of  neurotransmitters  in  cell  culture 
systems,  (2)  to  use  these  methods  to  study  the  mechanism  of  action  of  action 
potential  and  receptor  ionophores,  and  (3)  to  use  these  methods  to  study  the 
regulation  of  the  activity  and  genetic  expression  of  action  potential  and  re- 
ceptor ionophores  in  cultured  cells. 

Methods  Employed:   Biochemical  assays  were  devised  for  detecting  action 
potential  and  acetylcholine  receptor  ionophores  that  depend  upon  studies  of 
the  mechanism  of  action  and  regulation  of  these  ionophores  in  cultured 
neuroblastoma,  skeletal  muscle,  and  cardiac  muscle  cells. 

Major  Findings:   (1)   Kinetic  studies  of  action  potential  Na"*"  ionophore 
activity  led  to  the  conclusion  that  the  ionophore  contains  separate  regulatory 
and  ion  transport  sites.   The  activating  neurotoxins  veratridine  and  batracho- 
toxin  and  certain  inhibitory  divalent  cations  including  Ca"*"*  interact  with  a 
regulatory  site.   The  inhibitory  neurotoxin  tetrodotoxin  and  the  monovalent 
cations  that  are  transported  by  the  ionophore  interact  with  an  ion  transport 
site.   (2)   Studies  with  specific  drugs  and  toxins  indicate  that  the  action 
potential  Na"*"  ionophores  of  cultured  neuroblastoma  and  muscle  cells  are 
pharmacologically  similar  while  the  acetylcholine  receptor  ionophore  is 
distinct.   (3)   Kinetic  studies  of  acetylcholine  receptor  Na"*"  ionophore 
activity  of  cultured  muscle  cells  at  different  temperatures  have  provided 
new  insight  into  the  mechanisms  of  activation,  desensitization  and  ion  transport 
of  the  receptor  and  led  to  a  model  of  the  acetylcholine  receptor  ionophore  as 
an  ion  channel  having  a  Na+  binding  site  with  K^  =   ISOmM  and  a  turnover  number 
of  1-2  X  lO'^  ions/min/ channel.   (4)  Action  potential  Na+  ionophore  activity 
of  cultured  neuroblastoma  cells  is  increased  5  to  10-fold  by  culturing  cells  in 
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dibutyryl  cyclic  AMP.  Acetylcholine  receptor  activity  is  also  increased. 
Studies  with  hormones,  phosphodiesterase  inhibitors,  butyric  acid,  and 
cyclic  AMP  derivatives  demonstrate  that  both  the  butyryl  and  cAMP  moieties 
of  dibutyryl  cyclic  AMP  are  required  for  optimal  activity  and  suggest  that 
neither  cessation  of  cell  division  nor  elevation  of  cellular  cAMP  is  a 
sufficient  condition  for  optimal  ionophore  activity.   (5)   Initial  studies  of 
cultured  heating  heart  cells  indicate  that  they  have  high  action  potential 
Na+  ionophore  activity  but  that  this  activity  is  not  required  for  beating  in 
culture. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  results  provide  new  insights  into  the  mechanism  of  action  and  regulation 
of  membrane  macromolecules  involved  in  information  transfer  and  processing 
in  the  nervous  system  and  in  maintenance  of  normal  beating  in  heart . 

Proposed  Course:  Planned  investigations  include  (1)  completing  the 
kinetic  analysis  of  action  potential  Na*  ionophore  activity  of  neuroblastoma 
cells  and  generalizing  the  most  important  findings  to  skeletal  muscle  and 
heart  muscle  cells,  and  (2)  continuing  the  study  of  regulation  of  action 
potential  ionophore  activity  of  neuroblastoma  cells  and  initiating  studies 
of  skeletal  muscle  and  heart  muscle  cells. 

Honors :  None . 

Publications: 

Catterall,  W.  A.  and  Nirenberg,  M.:  Sodium  uptake  associated  with  activation 
of  action  potential  ionophores  of  cultured  neuroblastoma  and  muscle  cells. 
Proc.  Nat.  Acad.  Sci.  U.S.A.  70:   3759-3763,  1973. 
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Ultrastructural  Investigation  of  the 
Neuronal  Properties  of  Somatic  Cell 
Hybrids  Between  Neuroblastoma  and  other 
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Other  Investigators : 


Dr.  Mathew  Daniels 

Dr.  Bemd  Hamprecht  (Guest  Worker) 

Dr.  Marshall  Nirenberg 
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Cooperating  Units : 
Project  Description: 


Max- Planck  Society  of  Germany 


Objectives:   Previous  and  ongoing  work  in  this  laboratory  has  shown 
that  some  somatic  cell  hybrids  between  neuroblastoma  and  other  cell  types 
can  express  neuronal  characteristics  to  varying  degrees,  in  some  cases  to 
a  greater  degree  than  the  parent  cells.   The  objective  of  the  present  project 
was  to  extend  these  observations  to  the  ultrastructural  level  by  means  of 
electron  microscopy  of  the  intact  cell  cultures  of  hybrid  lines  derived  by 
crosses  between  neuroblastoma  and  glioma,  L-cells,  or  human  fibroblasts. 

Methods  Employed:   We  are  applying  standard  transmission  electron 
microscopic  techniques  to  monolayer  and  rotation-mediated  aggregate  cell 
cultures  fixed  and  embedded  without  any  dislocation. 

Major  Findings:   In  general,  it  was  observed  that  the  ultrastructural 
appearance  of  the  cells  was  closely  correlated  with  that  seen  with  the  light 
microscope  as  to  neuronal  character.   This  was  seen  most  clearly  in  the 
content  and  arrangement  of  organelles  of  the  cell  processes. 

The  most  striking  results  were  obtained  in  neuroblastoma  x  glioma  hybrid  cell 
lines  induced  to  differentiate  by  altering  growth  conditions .   The  differenti- 
ated cells  are  similar  to  neurons  in  ultrastructure  in  accord  with  biochemical 
and  electrophysiological  findings.   There  also  appeared  in  these  cells  two 
characteristics  not  observed  in  the  parent  lines  or  other  cell  lines  studied 
to  date.   One  was  the  presence  in  the  processes  of  cisternae  of  smooth 
endoplasmic  reticulum  such  as  observed  in  nerve  axons.   The  second  was  the 
presence  in  process  endings  of  clusters  of  vesicles  identical  in  appearance  to 
acetylcholine  storage  vesicles  found  in  cholinergic  synaptic  junctions. 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
investigation  may  yield  information  as  to  the  pattern  of  inheritance  of 
neuronal  characteristics  in  the  somatic  cell  hybrids  as  well  as  the 
appropriateness  of  these  cells  for  use  as  neuronal  models.  This  type  of 
information  is  ultimately  important  in  the  attempt  of  this  laboratory  to 
understand  the  biochemical  and  genetic  basis  for  nervous  system  function  and 
development. 

Proposed  Course:  We  have  now  begun  to  study  the  ultrastructure  of 
aggregates  of  several  lines  of  neuroblastoma  x  Chinese  hamster  retina  somatic 
cell  hybrids.  It  appears  that  these  lines  vary  considerably  in  their 
ability  to  aggregate  and  to  form  specialized  intercellular  junctions.  The 
relationship  of  these  two  phenomena  is  to  be  studied. 

Honors  and  Awards :  None . 

Publications: 

Daniels,  M.  P.  and  Hamprecht,  B.:  Expression  of  neuronal  ultrastructural 
characteristics  by  neuroblastoma-glioma  cells  stimulated  by  dibutyryl  cyclic 
AMP.  J.  Cell  Biol.  57:  70a,  1973. 
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Principal  Investigator:  Dr.  Alan  Peterkofsky;  Dr.  James  Harwood 

Other  Investigators :  Mrs .  Celia  Gazdar 

Cooperating  Units :  None 

Project  Description: 

Major  Findings:   Our  studies  designed  to  elucidate  the  molecular 
biology  of  the  phenomenon  of  bacterial  catabolite  repression  are  continuing. 
The  previous  results  from  this  laboratory  and  elsewhere  have  now  established 
that  the  inhibitory  effect  of  one  metabolite  on  the  capacity  of  the  organism 
to  utilize  a  second  metabolite  involves  the  regulation  of  cyclic  AMP  levels. 
Among  all  metabolites,  glucose  occupies  a  unique  position,  in  that  it  appears 
to  be  utilized  in  preference  to  most  other  metabolites.  We  now  understand  that 
the  mechanism  by  which  this  is  accomplished  is  that  glucose  metabolic  enzymes 
are  constitutively  expressed,  while  the  enzymes  for  many  other  secondary 
metabolites  are  induced.   The  control  by  glucose  of  the  metabolism  of  other 
compounds  is  effected  in  a  negative  manner.  Glucose  inhibits  the  activity  of 
adenylate  cyclase,  leading  to  a  lowering  of  intracellular  cAMP  levels.   Since 
cAMP  is  required  as  a  cofactor  for  the  expression  of  genes  for  many  inducible 
enzymes,  glucose  indirectly  prevents  the  formation  of  these  induced  enzymes. 
In  the  normal  course  of  metabolism,  when  glucose  levels  are  lowered,  the 
inhibition  of  adenylate  cyclase  is  relieved  and  cAMP  levels  rise.  Under 
these  circumstances,  in  the  presence  of  appropriate  inducers,  specific 
metabolic  enzymes  can  be  formed. 

Adenylate  cyclase  activity,  measured  in  cell-free  extracts,  show  no 
inhibition  by  glucose,  while  the  activity  in  whole  cells  is  under  glucose 
negative  regulation.   Using  the  intact  cell  assay,  we  have  established  that 
glucose  leads  to  an  instantaneous  inhibition  of  the  adenylate  cyclase  activity, 
with  a  concommitant  lowering  of  intracellular  cAMP  levels.   In  contrast, 
glucose  addition  to  intact  cells  has  no  apparent  effect  on  cAMP  phosphodies- 
terase, the  enzyme  that  degrades  cAMP.   With  the  aim  of  characterizing  the 
mechanism  of  glucose  control  of  adenylate  cyclase  we  have,  by  toluene  treat- 
ment of  intact  cells,  made  them  permeable  to  ATP.   Such  preparations  of 
permeabilized  cells  contain  an  adenylate  cyclase  that  has  retained  its  glucose 
sensitivity. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
We  have  established  that  glucose  leads  to  an  instantaneous  inhibition  of  the 


adenylate  cyclase  activity,  with  a  concommitant  lowering  of  intracellular 
cAMP  levels.   In  contrast,  glucose  addition  to  intact  cells  has  no  apparent 
effect  on  cAMP  phosphodiesterase,  the  enzyme  that  degrades  cAMP. 

Proposed  Course:  Our  objective  is  to  continue  a  resolution  of  the 
adenylase  cyclase  system  to  discover  the  factors  that  confer  glucose 
sensitivity. 

Honors  and  Awards:  None 

Publications: 

Peterkofsky,  A.  and  Gazdar,  C. :  Measurement  of  yates  of  adenosine  3':5'- 
cyclic  monophosphate  synthesis  in  intact  Escherichia  coli  B,  Proc.  Nat.  Acad. 
Sci.  USA,  70:  2149-2152,  1973. 
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I 
Project  Description: 

A.  The  Mechanism  of  E.  coli  arginyl-tRNA  synthetase  (Jonathan  Craine  and 
Alan  Peterkofsky) 

Major  Findings:   The  arginyl-tRNA  synthetase  of  E.  coli  is  characterized 
by  the  unusual  property  of  catalyzing  an  exchange  of  PPI  into  ATP  only  in  the 
presence  of  tRNA.  On  the  basis  of  our  previous  studies,  we  postulated  that 
the  enzyme  operates  by  a  random  concerted  mechanism,  while  most  other  similar 
enzymes  operate  by  ping-pong  mechanisms.  A  further  elucidation  of  this 
proposed  mechanism  requires  large  amounts  of  purified  enzyme.   We  have  now 
developed  a  procedure  for  the  large-scale  purification  of  the  enzyme  that 
gives  a  good  yield.   Studies  with  substrate  levels  of  enzyme  designed  to 
trap  a  bound  form  of  arginyl-AMP  indicate  that  there  is  no  detectable  enzyme- 
bound  intermediate  in  the  absence  of  tRNA.   These  studies  lend  further 
credence  to  our  proposed  random  mechanism  for  this  enzyme.  A  study  of  the 
kinetics  of  metal  ion  activation  of  the  reaction  has  suggested  a  cooperative 
reaction. 

Proposed  Course:  Our  efforts  are  now  directed  toward  a  characterization 
of  the  mechanism  of  metal  interaction  with  enzyme  and  its  substrate. 

B.  The  origin  of  Pyroglutamic  Acid  in  Mammalian  Proteins  (Chandan  Prasad  and 
Alan  Peterkofsky) 

Major  Findings:  Many  proteins  of  mammalian  origin  contain  pyroglutamic 
acid  as  a  "masked"  amino- terminal  amino  acid.  We  have  been  studying  the 
biosynthesis  of  an  immunoglobulin  light  chain  produced  by  a  mouse  plasmacytoma 
as  an  example  of  this  type  of  protein.  Our  interest  has  been  to  deduce  the 
mechanism  by  which  pyroglutamic  acid  is  formed  from  its  precursor,  glutamic 
acid.   Our  efforts  this  year  have  tested  the  hypothesis  that  the  pyroglutamyl- 
protein  is  derived  from  a  precursor.   To  this  end,  we  have  investigated  the 
kinetics  of  appearance  of  radioactivity  derived  from  a  variety  of  amino  acids 
into  the  N-terminal  position  of  the  immunoglobulin  light  chain.         ^  _ 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
We  have  found  that  methionine  transiently  labels  the  N-terminal  position  of 
the  protein  while  other  amino  acids  do  not.  We  feel,  therefore,  that 
methionine,  which  has  been  shown  to  initiate  the  synthesis  of  many  proteins 
not  containing  pyroglutamic  acid,  also  acts  as  an  initiator  for  immunoglobulin 
light  chain  synthesis. 

Proposed  Course:  Our  objective  is  to  isolate  the  immunoglobulin  light 
chain  precursor  containing  N-terminal  methionine.  We  should  then  be  able  to 
chemically  characterize  the  precursor  protein  and  study  the  enzymology  of  the 
maturation  process. 

Honors  and  Awards:  None 

Publications:  None 
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Cooperating  Units:  Dr.  S.  H.  Wilson,  A.  Gazdar,  K. 

Stromberg,  NCI;  Dr.  G.  M,  Iverson,  NDI. 

Project  Description: 

Major  Findings:   Human  x  rodent  hybrid  cell  lines  segregating  either 
human  or  mouse  chromosomes  have  been  analyzed  for  the  expression  of  type  C 
particles  (oncornavirus)  markers:  DNA  polymerase  (reverse  transcriptase), 
specific  antisera  against  viral  proteins,  electron  microscopy,  and  viral 
biologic  activity.   Human  and  normal  mouse  parental  cells  not  expressing 
viral  markers  were  fused  and  the  resulting  progeny  yielded  some  hybrid  lines 
producing  type  C  particles  in  their  culture  fluid.   Particle  production  was 
not  found  in  hybrids  retaining  a  full  complement  of  mouse  and  human  chromo- 
somes but  occurred  coincident  with  mouse  chromosome  segregation.  When  C 
particle  producing  lines  were  subcloned,  the  progeny  varied  in  their  ability 
to  produce  C  particles,  again  associated  with  chromosome  segregation.   This 
work  suggests  that  endogenous  oncornaviruses  may  be  expressed  in  human-mouse 
hybrid  cells  segregating  chromosomes  and  that  such  hybrid  cells  can  be  used 
to  genetically  analyze  viral  gene  regulation.  Human  x  mouse  hybrid  cells 
formed  by  mating  mouse  cells  to  a  variety  of  peripheral  blood  cells  taken 
from  human  patients  with  leukemia,  or  with  genetic  diseases  possibly  of  viral 
etiology  are  being  examined  for  the  production  of  human  oncornavirus  markers. 

Human  x  mouse  hybrid  cells  were  also  tested  for  their  ability  to  support 
the  replication  of  exogenously  applied  oncornaviruses.  Mouse  tropic  murine 
leukemia  virus  (MuLV)  grows  in  mouse  cells  but  not  in  human  cells,  while 
xenotropic  MuLV  grows  in  human  but  not  in  mouse  cells.   Mouse  tropic  virus 
replication  was  expressed  in  human  x  mouse  hybrids  as  long  as  a  sufficient 
number  of  mouse  chromosomes  were  present.   Using  this  information,  it  will  be 
possible  to  genetically  map  the  mouse  chromosomes  required  for  mouse  tropic 
MuLV  replication.   In  contrast,  xenotropic  MuLV  failed  to  replicate  in  human 
X  mouse  hybrid  cells  unless  mouse  chromosomes  had  segregated.  Thus  its 
replication  was  restricted. 


Hiunan  x  mouse  hybrid  cells  formed  by  mating  a  variety  of  human  cells  to 
mouse  cells  expressing  oncornavirus  reverse  transcriptase  activity  were 
assayed  for  their  ability  to  produce  this  enzyme.  Clonal  hybrid  lines  were 
found  that  produced  high,  intermediate,  and  low  levels  of  reverse  transcriptase 
activity.  Clones  with  low  levels  of  activity  had  a  higher  number  of  human 
chromosomes  compared  to  hybrids  with  high  level  of  activity,  suggesting  the 
presence  of  a  human  repressor  for  this  function.  When  lines  with  low 
activity  were  subcloned,  new  lines  with  high  activity  were  found  and  are 
currently  being  analyzed  for  their  human  chromosome  composition. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
These  studies  should  lead  to  information  on  the  possible  viral  etiology  of 
human  diseases  and  provide  unique  material  for  a  fine  structure  human 
genetic  map  using  viruses.  Similarly,  analysis  of  human  x  mouse  hybrid  cell 
ability  to  support  the  replication  of  primate- related  viruses  should  allow 
human  genes  required  for  virus  function  to  be  defined  and  mapped.  Such 
analysis  should  delineate  human  genes  regulating  reverse  transcriptase 
activity. 

Proposed  Course:   To  extend  these  studies  to  delineate  human  genes 
regulating  reverse  transcriptase  activity. 

Honors  and  Awards:  None. 

Publications: 

Minna,  J.  D.,  Gazdar,  A.  F.,  Iverson,  G.  M. ,  Marshall,  T.  H.,  Stromberg, 
K.,  and  Wilson,  S.  H.:  Oncornavirus  expression  in  human  x  nouse  hybrid 
Cells  Segregating  mouse  chromosomes.  Proc.  Nat.  Acad.  Sci.  USA,  in  press, 
1974. 

Gazdar,  A.  F.,  Russell,  E.  K.,  and  Minna,  J.  D. :  Replication  of  mouse-tropic 
and  ienotropic  strains  of  murine  leukemia  virus  in  human  x  mouse  hybrid  cells. 
Proc.  Nat.  Acad.  Sci.  USA,  in  press,  1974. 
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Project  Description: 

Major  Findings:   Fibroblasts  of  patients  with  the  dominantly  inherited 
genetic  disease  type  II  hypercholesterolemia  express  high  levels  of  the  enzyme 
3-hydroxy-3-methylglutaryl  coenzyme  A  reductase;  (ECl.1.1.34  HmGCoA)  in  vitro 
compared  to  normal  fibroblasts  (low  levels) .   In  addition,  the  homozygous 
state  is  more  abnormal  than  the  heterozygous  condition.  Mouse  cells  express 
low  levels  of  HMG  CoA.  A  variety  of  hybrid  cell  lines  were  generated  by  fusing 
homozygous  type  II  fibroblasts  to  mouse  cells  and  these  were  analyzed  by 
Drs.  Sloan  and  Assman  for  their  HMG-CoA  reductase  phenotype.  Hybrid  cells 
with  high,  intermediate,  and  low  levels  were  found.   This  result  suggests  that 
an  autosomal  dominant  human  disease  can  also  be  expressed  dominantly  in  human 
X  mouse  hybrid  cells,  and  that  the  human  chromosome  carrying  the  mutant  gene 
can  be  identified  by  linkage  analysis. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
These  hybrid  cell  lines  should  allow  a  systematic  genetic  analysis  of  various 
human  genes  involved  in  the  production  and  regulation  of  lipoproteins  and 
thus  will  be  of  great  clinical  relevance. 

Proposed  Course:  A  systematic  genetic  analysis  of  various  human  genes 
involved  in  the  production  and  regulation  of  lipoproteins  will  be  pursued. 

Honors  and  Awards :  None 

Publications:  None. 
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Serial  No.:   NHLI-313 


1.  Biochemical  Genetics 

2.  Somatic  Cell  Genetics 

3.  Bethesda,  Md.  20014 

PHS-NIH 

Individual  Project  Reports 

July  1,  1973  through  June  30,  1974 

Project  Title:  Chromosome  Segregation  in  Hybrid  Cells 

Previous  Serial  No.:  NHLI-300 

Principal  Investigator:  Dr.  John  D.  Minna 

Other  Investigators:  Dr.  H.  G.  Coon 

Cooperating  Units:  NCI 

Project  Description: 

Major  Findings:  The  normal  pattern  of  chromosome  segregation  in  human 
X  rodent  hybrid  cells  is  retention  of  rodent  and  loss  of  human  chromosomes. 
In  contrast,  we  have  found  that  when  transformed  human  cells  capable  of 
replication  in  vitro  are  fused  to  normal  rodent  cells  (mouse,  rat,  Chinese 
hamster)  taken  directly  from  the  animal,  the  vast  majority  of  such  hybrids 
retain  human  and  segregate  a  variable  number  of  rodent  chromosomes.   In 
addition,  isozyme  analysis  reveals  they  retain  human  and  segregate  rodent 
isozymes,  allowing  for  genetic  mapping  of  rodent  isozymes.  Fifteen  isozymes 
have  been  analyzed  and  their  patterns  of  synteny  and  asynteny  determined. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  pattern  of  chromosomes  and  isozyme  segregation  in  such  hybrid  cells  is 
unique  and  indicates  processes  of  general  biologic  importance  related  to  the 
retention  and  elimination  of  foreign  genetic  information.   In  addition,  h\iman 
X  mouse  hybrid  cells  formed  by  mating  tissue  culture  mouse  lines  to  cells 
from  human  patients  with  various  genetic  diseases  are  being  analyzed  for 
their  pattern  of  human  chromosome  segregation. 

Proposed  Course:   We  hope  to  determine  if  different  disease  states 
display  different  patterns  of  human  chromosome  loss  and  to  determine  the 
human  linkage  groups  of  the  various  diseases. 

Honors  and  Awards :  None . 

Publications: 

Minna,  J.  D.,  Yavelow,  J.,  and  Coon,  H.  G. :  Expression  of  phenotypes  in 
hybrid  somatic  cells  derived  from  the  nervous  system.  Genetics,  Suppl., 
in  press,  1974. 
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Serial  No.;      NHLI-314 

1.  Biochemical  Genetics 

2.  Somatic  Cell  Genetics 

3.  Bethesda,  Md.  20014 

PHS-NIH 
Individual  Project  Report 
July  1,  1974  through  June  30,  1974 

Project  Title:  Genetic  Analysis  of  A-Particles  using 

Somatic  Cell  Hybrids 

Previous  Serial  No.:  NHLI-302 

Principal  Investigator:  Dr.  John  D.  Minna 

Other  Investigators:  Dr.  E.  Kuff;  Dr.  K.  K.  Leuders 

Cooperating  Unit:  NCI  I 

Project  Description: 

Objectives:   Intracisternal  A-particles  are  viral- like  structures  with 
DNA  polymerase  and  high  molecular  weight  RNA  activity  that  are  non- infectious, 
of  unknown  biologic  activity,  but  found  during  normal  early  embryonic  develop- 
ment and  thus  potentially  involved  in  differentiation  and  development. 

Major  Findings:   The  expression  of  intracisternal  A  particles  in  clonal 
lines  of  mammalian  cells  and  their  somatic  hybrids  was  analyzed  using 
specific  immunologic  techniques.   Parental  cell  lines  were  found  to  vary  over 
1000  fold  in  the  amount  of  A-particle  antigen  expression.   Somatic  cell  hybrids 
formed  between  high  and  low  A-particle  antigen  parental  lines  showed  levels 
comparable  to  the  high  antigen  producing  parental  cells  (dominant  mode  of 
expression) .  This  phenotype  was  inherited  stably  over  many  cell  generations 
in  hybrid  cell  progeny  subclones,  although  some  subclones  showed  segregation 
of  the  A-particle  antigen  phenotype,  and  some  hybrid  lines  exhibited  higher 
levels  of  A-particle  antigen  than  the  parental  cells,  approaching  5  percent 
of  the  total  cellular  protein. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Genetic  analysis  of  such  structures  should  be  important  for  understanding  of 
early  development. 

Proposed  Course:  Genetic  analysis  of  the  above  structures  will  be 
continued. 

Honors  and  Awards :  None 

Publications : 

Minna,  J.  D.,  Leuders,  K.  K. ,  and  Kuff,  E.  L. :   Expression  of  genes  for 
intracisternal  A-particle  antigen  in  somatic  cell  hybrids.  J.  Nat.  Cancer 
Inst.,  52:  1211-1217,  1974. 
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Serial  Number:        NHLI-315 

1.  Biochemical  Genetics 

2.  Somatic  Cell  Genetics 

3.  Bethesda,  Md.  20014 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


Project  Title: 
Previous  Serial  Number: 
Principal  Investigator: 
Other  Investigators: 
Cooperating  Units : 


Project  Description: 


Disseminated  Intravascular  Coagulation 

NHLI-304 

Dr.  John  D.  Minna 

Dr.  S.  Robboy;  Dr.  R.  Colman 

Department  of  Pathology,  Massachusetts 
General  Hospital,  Boston,  Massachusetts; 
Department  of  Medicine,  Hospital,  Univer- 
sity of  Pennsylvania,  Philadelphia,  Pa. 


Major  Findings:  Detailed  clinical  analysis  of  60  patients  with  dissemin- 
ated intravascular  coagulation  (DIC)  at  the  Massachusetts  General  Hospital  has 
revealed  the  usefulness  of  simple  tests  of  coagulation  (prothrombin  time, 
platelet  count,  fibrinogen  level,  and  tests  for  fibrinogen  degradation  products) 
in  the  diagnosis  of  DIC,  and  response  of  patients  to  therapy.   The  same  tests 
can  be  used  for  the  diagnosis  of  DIC  in  the  face  of  liver  disease  if  more 
stringent  quantitative  criteria  are  applied.  Dermatologic  manifestations,  the 
syndrome  of  pulmonary  heramorrhage,  and  thrombosis  generated  by  large  vessel 
catheters  have  been  common  clinical  manifestations  brought  to  light  by  this 
study,  while  dysfunction  of  cardiac,  pulmonary,  renal,  and  hematopoietic 
organs  were  usually  secondary  to  diseases  underlying  DIC. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
These  findings  should  have  general  clinical  usefulness  in  the  diagnosis  and 
management  of  patients  with  DIC. 


Proposed  Course: 
Honors  and  Awards: 


Additional  clinical  avenues  will  be  pursued. 
None 


Publications: 

Colman,  R.  W. 

coagulation: 

1974. 


,  Minna,  J.  D.,  and  Robboy,  S.  J.:   Disseminated  intravascular 
A  problem  in  critical  care  medicine.  Heart  S  Lung,  in  press. 


Robboy,  S.  J.,  Minna,  J.  D.,  and  Colman,  R.  W.:   Disseminated  intravascular 
coagulation  (DIC).   In  Maddin,  S.  (ed.):  Current  Dermatologic  Management, 
second  edition.  The  C.  V.  Mosby  Company,  St.  Louis,  in  press,  1974. 
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Colman,  R.  W.,  Robboy,  S.  J.,  and  Minna,  J.  D.:   Disseminated  intravascular 
coagulation:   Current  Therapy,  in  press,  1974. 
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Serial  No.:  NHLI-316 


1.  Biochemical  Genetics 

2.  Somatic  Cell  Genetics 

3.  Bethesda,  Md.  20014 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:  Genetic  Analysis  of  Differentiated 

Fimctions  Using  Somatic  Cell  Hybrids 

Previous  Serial  Number:  NHLI-305 

Principal  Investigator:  Dr.  John  D.  Minna,  Chief,  Section  on 

Somatic  Cell  Genetics,  NHLI 

Other  Investigators:  None 

Cooperating  Units:  Dr.  H.  G.  Coon,  NCI 

Project  Description: 

Major  Findings:  Genetic  analysis  of  differentiated  functions  related  to 
the  nervous  and  erythropoeitic  systems  was  carried  out  using  the  techniques  of 
somatic  cell  hybridization.  Mutant  neuroblastoma  cells  expressing  genes  for 
choline  acetyltransferase  (CAT*) ,  acetylcholinesterase  (AChE+)  were  fused 
to  mouse  L-cells  not  expressing  this  phenotype.  The  hybrid  progeny  fell  into 
four  classes:   CAT+AChE+,  CAT+AChE-,  CAT-AChE+,  and  CAT-AChE-,  indicating 
independent  segregation  of  these  phenotypes  and  the  ability  to  express  genes 
for  neurotransmitter  synthesis  in  hybrid  cells.   In  addition,  mutant  neuro- 
blastoma cells  phenotypically  CAT-  were  fused  to  cells  derived  from  the  normal 
nervous  system  of  mice,  rats,  and  Chinese  hamsters.  A  few  of  these  hybrid 
cells  were  CAT+,  indicating  the  rescue  of  information  pertaining  to  this 
differentiated  fimction  from  normal  differentiated  tissue. 

Murine  erythro leukemia  cells  can  replicate  in  vitro  as  clonal  cell  lines 
and  produce  hemoglobin  (phenotype  =  Hbg+)  under  appropriate  conditions  includ- 
ing the  application  of  dimethyl  sulfoxide.  A  6-thioguanine  resistant  mutant 
of  mouse  erythroleukemia  cells  has  been  prepared  for  use  in  cell  fusion 
studies,  and  somatic  cell  hybrids  prepared  by  mating  to  mouse  and  human  cells 
expressing  and  not  expressing  erythropoietic  functions.  Hbg+  x  Hbg^  hybrid 
cells  appear  to  be  Hbg-  before  much  chromosome  segregation  has  occurred. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Genetic  analysis  of  these  lines  with  chromosome  segregation  should  allow 
genetic  mapping  of  such  differentiated  functions. 

Proposed  Course:  We  plan  to  ascertain  the  level  of  gene  regulation  in 
such  hybrids  by  collaborating  with  Drs .  Neinhuis,  Diesseroth,  and  Anderson  of 
the  MHB:NHLI  in  assaying  the  hybrids  for  the  presence  or  absence  of  hemoglobin 
messenger  RNA. 


In  addition,  the  neuroblastoma  x  normal  nervous  tissue  hybrids  are  beinj 
further  analyzed  in  Dr.  Nirenberg's  laboratory  for  the  expression  of  other 
neural  properties . 

Honors  and  Awards:  None. 

Publications: 

Minna,  J.  D.,  Yavelow,  J.,  and  Coon,  H.  G.:  Expression  of  phenotypes  in 
hybrid  somatic  cells  derived  from  the  nervous  system.  Genetics,  suppl., 
in  press,  1974. 
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Serial  No . :  NHLI-317 


1 .  Biochemical  Genetics 

2.  Somatic  Cell  Genetics 
,3.  Bethesda,  Md.  20014 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title;  Genetic  Analysis  of  Adenosine  3',5'- 

Cyclic  Monophosphate  CcAMP)  in  Mammalian 
^       >  Cells 

Previous  Serial  Number:  NHLI-308 

Principal  Investigator;  Dr.  John  D.  Minna 

Other  Investigators:  Dr.  Alfred  G.  Gilman 

Cooperating  Units:  Department  of  Pharmacology,  University  of 

Virginia  School  of  Medicine,  Charlottes- 
ville, Va. 

Project  Description: 

Major  Findings:  A  variety  of  clonal  mammalian  cell  lines  replicating  in 
vitro  have  been  phenotyped  for  thev response  of  their  intracellular  adenosine 
3 ',5 '-cyclic  monophosphate  (cAMP)  concentrations  to  the  application  of  exo- 
genous hormones  using  a  sensitive  radiochemical  competitive  protein  binding 
assay.  Clonal  differences  in  the  response  of  intracellular  cAMP  concentra- 
tions to  prostaglandin  Ei  (PGEj),  3-adrenergic  agents  (3),  and  the  phosphodi- 
esterase inhibitor  theophylline  (Theo)  were  found,  allowing  cells  to  be  cate- 
gorized as  PGEi+  and  PGEi-,  6+  and  6-,  Theo+  and  Theo-.  When  a  large  nimiber 
of  somatic  cell  hybrids  were  constructed  and  analyzed  for  their  response, 
PGEi+  and  Theo+  responses  were  dominant  while  6+  responses  exhibited  a  reces- 
sive mode  of  inheritance. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
By  using  human  x  mouse  hybrid  cells  an  attempt  is  being  made  to  genetically 
analyze  and  map  human  genes  related  to  cAMP  metabolism  and  the  relevant  hor- 
mone receptors. 

Proposed  Course:  These  studies  are  being  extended  to  examine  the  inheri- 
tance of  adenylate  cyclase,  response  to  exogenous  adenosine,  and  response  to 
peptide  hormones. 

Honors  and  Awards :  None . 

Publications: 

Gilman,  A.  G.  and  Minna,  J.  D.:   Expression  of  genes  for  metabolism  of 
adenosine  3 ',5 '-cyclic  monophosphate  in  somatic  cells.   I.  Responses  to 
catecholamines  in  parental  and  hybrid  cells.  J.  Biol.  Chem.   248:   6610- 
6617,  1973. 


Minna,  J.  D.  and  Gilman,  A.  G.:   Expression  of  genes  for  metabolism  of 
adenosine  3 ',5 '-cyclic  monophosphate  in  somatic  cells.  II.  Effects  of 
prostaglandin  Ei  and  theophylline  on  parental  and  hybrid  cells.  J.  Biol. 
Chem.  248:   6618-6625,   1973. 
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